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Fine Agrochemicals (fine) is a specialist producer of plant
growth regulators, based in Worcester, a traditional area for
fruit production in the UK.

Fine’s range of plant growth regulators includes novagib®,
perlan® and exilis®. These leading products are registered
for use in top fruit in Italy as well as many other important
markets across the world, including France, Spain, Belgium,
USA, South Africa and New Zealand.

Fine works with many top researchers in plant growth
regulation across the globe. Dr Alberto Dorigoni, from the
Istituto Agrario di S. Michele all’Adige (TN) has worked with
fine for many years, in particular with the fruitlet thinning
product exilis® (6-benzyladenine). 

This book which has been written by Dr Dorigoni
summarises his work with 6-benzyladenine (exilis®) over
the last ten years and explains how to get the best from
the product.
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Since in most apple growing areas, growers must
cope with spring frost damage, flower thinning leads
to a great deal of risk. Fruit thinning represents the
only alternative because fruit hand removal after June
drop, apart from being expensive, is carried out too
late, with little or no effect on biennial bearing. 
Chemical thinning is the best way to accomplish
good crop regulation and to prevent biennial bearing.
In fact, it gently enhances the physiological tendency
of trees to self regulate crop load, by discarding the
weaker fruits in favour of the larger ones. Unthinned
trees drop from 20 to 70 % of their flowers/fruitlets
depending on their bloom intensity. This is still not
enough. By applying chemical thinners this tendency
towards fruit hierarchy is increased by a further 10-
20%, sufficient to pass from low commercial value to
well accepted quality. Only a few hours per hectare of
hand thinning are subsequently required. In the past
thirty years, carbaryl has played a major role in apple
thinning. This product can be used on a wide
spectrum of varieties, offers consistent activity and
usually a low price. Since it is an insecticide, it is also
toxic for useful insects and for the environment. In

fact it has been already taken off the market in many
European States. At present Italy is the only Country
in Europe that can make use of five different
chemicals for apple thinning, while in rest of EU the
availability of thinning agents varies from just one,
ethephon (Germany) to 4 (France). In the near future
all the European countries will converge toward
similar rules covering the use of PGRs.

Following a decade of experimentation by a
European thinning research group, several new
chemicals have been discarded (Tab. 1) and attention
is now focused on benzyladenine (BA), ammonium
thiosulphate (ATS) and ethephon. These chemicals
combine a low toxicological profile with relatively good
thinning. In addition to its well documented thinning
action, BA (e.g. exilis) like CPPU and other
cytokinins, stimulates cell division and increases fruit
size over and above the influence of thinning alone.

Chemical thinning in apples with special focus
on the use of exilis® (6-benzyladenine)

Chemical thinning is regarded in apple growing as the main tool to
achieve a good quality crop in terms of both size and colour, with
adequate return bloom for the following year. Even with regard to crop
load, chemical thinning allows abundant and constant production. A
well thinned orchard generally yields more than an unthinned one.
Apple production takes place in a time frame of 16-18 months, starting
with flower differentiation during fruit set in the first year and ending with
fruit development in the following year. It is the seed number at setting
time, rather than fruits, which is responsible of the alternate bearing for
the following year. Gibberellins which stimulate growth and inhibit flower
differentiation are produced in seeds.
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CHEMICAL THINNERS

Flower thinners include products like ATS, lime
sulphur and, to a certain extent, ethephon. These
products act by preventing pollination of open
flowers. Given the tendency of king flowers to be
followed by side flowers, flower thinners generally lack
selectivity and may eliminate potentially high quality
fruits. Additionally, this type of product can burn
leaves and need to be applied at precise rates when
weather conditions are favourable. The risk of late
frost is another deterrent to their use. On the positive
side flower thinners, being used very early in the
season, give maximum benefits in terms of return
bloom and also of reducing fruit competition at its
very beginning.

Fruitlet thinners include NAA (and its precursor, NAD),
carbaryl (Tab. 2) and BA. Often a double application
or a tank mix of two or more thinners in necessary to
achieve proper thinning. In general, the combination
of these products can result in positive interactions.
For instance NAA and BA, if used alone have
drawbacks which can be overcome by their
combination.

Lack of consistency is one of the major headaches
for growers, who nowadays realize they can not do
without thinners but also fear overthinning. The
characteristics of any individual orchard combined
with weather condition before, during and after
application play an important role; however the
reaction of the tree to thinning remains erratic. It is
well documented that thinning strategies perform
better in lowlands, on vigorous trees compared to
hillside environments, in which very aggressive
thinning is needed. The problem of inconsistency is
linked with the scarce knowledge of the physiology
involved in fruit abscission, since so far, only a few
aspects have been clarified. Each cultivar responds
differently to thinning agents. Some chemicals can
damage fruit quality on certain varieties, such as with
NAD on Red Delicious, but can be extremely effective
on others, like Golden Delicious or Gala. Thinners
also interact with other PGRs as is the case with
prohexidione calcium, which can reduce the efficacy
of thinners.

Time of application varies from the early preventives
of pollination (ATS, lime sulphur) to the classic thinning
window that occurs 20 to 30 days after full bloom,
when old wood fruitlets are 10 to14 mm in diameter.
Optimum timing is controlled by internal physiological
status and this tends be common to most of the
thinning agents. The deficit in carbohydrate supply is
responsible for tree susceptibility to thinners and is
postponed in cool years, which can explain the poor
thinning effect in these conditions.

Tab 1 Active ingredients for thinning tested in Europe by the WT

Active ingredient

BA (benzyladenine)

Ethephon

Ammonium thio
solphate

Endotallic acid

CPPU (fenclopyr)

Polymeric chain of
alkylen oxide 

Time of
application
(fruit diameter) 

10-14 mm

10% open flowers

full bloom

full bloom

1-2 weeks after
end of bloom

full bloom

Dose / hl
a.i. (ppm)

50-200

100-200

0,5-1%

25-100

5

5000

Days after
full bloom

15–25

-3

0

0

3–7

2–4

Tab 2 Active ingredients for thinning traditionally used in Italy before
BA registration (2003)

Active ingredient

NAD (amid form
of Naphthalene
acetic acid)

NAA (Naphthalene
acetic acid)

Carbaryl

Time of
application 
(fruit diameter)

from beginning
petal fall to 6 mm

10–14mm

10–16mm

Dose / hl
p.a.
(ppm)

70–100

5–10

200–400

Days after
full bloom

2–8

15–25

15–30
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THINNING AND SELECTIVITY

After fruit set, all apple cultivars naturally self regulate
their crop load once fruitlets start suffering from shoot
growth competition. Fruitlets are given only a limited
amount of nutrients. This struggle triggers
competition amongst them that can be effectively
measured in terms of “differential growth rate”. All
fruitlets grow after pollination, but the daily increase
varies significantly between them. For example, in a
fruit population that grows 0.5 mm/day, the fruitlets
which grow less than 0.3 are destined to abscise
within 10-20 days (Fig. 1). It is their relative growth
rate that matters, not the absolute value. There are
certain meteorological conditions such as cloudy and
cold weather, that slow fruit growth. This phase lasts
until fruitlets reach 20-25 mm in diameter at which
point they become strong sinks for metabolites and
abscission ends. Of the 5 thinners, 4 (NAD, NAA,
carbaryl and BA) are active in this period of time,
enhancing the self regulation of crop load (Fig. 2). If
they are effective, then the level of inter fruitlet
competition is increased as well as the differential
growth rate. On the other hand ethephon exerts its
action in a more precocious phase, from beginning of
bloom, and induces flower drop that does not

naturally occur (Fig. 3). This may be the reason that
its thinning action ranges from very mild to excessive.
Fruit distribution is also normally quite poor.

A good thinner should preferably affect the weak
fruitlets and respect the strong ones, such as the king
flowers which are capable of drawing carbohydrates
even under the pressure of chemical thinners (Fig. 4).
This is known as the “hierarchization” process. Some
of the fruitlets which are weakened by the first thinner
are easy targets for the second application leaving
more nutrients to the larger fruits with a better
potential to develop. 

THE EXPERIMENTAL TRIALS AND THE FIELD
WORK IN TRENTINO AND FRIULI

The experience of BA in north Italy started in 1995 at
Trentino at two experimental farms belonging to the
Istituto Agrario S. Michele all’Adige (IASMA). Maso
Parti which can be found at the bottom of Adige
valley (210 m a.s.l.) and Maso Maiano in the hillside of
the Non valley (650 m a.s.l.). 

To assess the right time of thinning application, the
diameter of fruitlets on more than one year old wood
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Figure 5.  The sites where BA has been tested (1995-2005)



(average of the whole cluster) were monitored. In the
same period BA was also tested in the completely
different environment of the “Padano-Veneto” plain in
Friuli, northern Italy (Fig. 5).

Several strategies have been studied, comparing
the use of traditional thinners to BA alone and
also combinations of several active ingredients,
including BA.

To asses the thinning efficacy of these strategies the
following parameters were recorded:
• fruit set after June drop (fruits / 100 flower cluster);
• number of fruits/tree;
• number of fruits/tree trunk sectional area;
• quality of the whole fruit production of the tested

trees (size, weight, overcolour, groundcolour, russet,
shape);

• return bloom in the following year.

EXILIS® (BA) THINNING EFFICACY AND
SITE EFFECT

The efficacy of the compounds used for thinning
apples can vary according to several factors that
growers would normally take into consideration.
Nevertheless there is an element of unavoidable risk
associated with these programmes. The majority of
growers understand that it is better to get as close as
possible to the goal of having the right crop load, even
at risk of overthinning, rather than having to spend a
lot of time thinning by hand and jeopardising future
yields. However, not all thinning compounds have the
same degree of risk. The same dose of ethephon for
example can overthin in some years and have no
effect at all on fruit drop in others (Fig. 6). 

BA can be regarded as a low-risk thinner. The
numerous trials carried out on Golden Delicious
showed a mild dose response, from 50 to 400 ppm,
up to a maximum level of thinning (Fig. 7). This feature
of BA is interesting and not common to all thinners.
For example, carbaryl shows very little or no response
to rate. 

In Tab. 3 the guidelines for rating BA efficacy, when
alone or in combination, are presented. Of course,
cultivar, site specificity and tree reactivity to thinners
can substantially change the results. It is therefore at
the discretion of the grower, who knows his own

orchard better than anybody else, to adapt the use of
the various thinning compounds to his specific needs.
Trials carried out by IASMA from 2001 to 2005
confirm that, compared to an unthinned control, the
extra fruit drop caused by BA occurs mostly between
2 and 3 weeks after treatment and is more
pronounced in the lateral fruitlets compared to the
king flowers. A trial in which similar trees were set the
year before to achieve two groups, one with abundant
bloom intensity and another with poor bloom,
indicates that BA is more active on trees with high
crop potential and respects the scarce production of
trees that bring few flowers (Fig. 8). 

The positive influence of all thinners, BA included, on
return bloom is linked to the reduced crop load. The
dose effect observed in thinning can be found also on
return bloom (Fig. 9 and Fig. 10).

In none of the apple cultivars tested, phytotoxicity
or negative effect on vegetation has been recorded
following the use of BA. Sometimes a small tendency
towards more branching can be detected at
200 ppm.

Comparing the efficacy of the same strategies in
three different areas, ranging from the hillside of the
Trentino (600-1000 m a.s.l.), the Adige valley (210m
a.s.l.) down to the flat plain in northern Italy at sea
level, allowed to evaluation of the importance of the
“site effect”.

BA efficacy, as with the majority of the other thinners,
is strongly affected by the growing site. In general, fruit
set is less abundant in the fertile growing areas of the
lowland, so that for example 100 ppm of BA can
be a good rate for these situations (Fig. 7) and totally
insufficient for hillside orchards. In this case BA should
be used at higher rates, or preferably included in a
stronger thinning strategy in tank mix or following
other active ingredients.

The strong effect of site on the fruit set of genetically
identical trees, for instance Golden Delicious grafted
on M9, is due to climatic condition and soil fertility
and can be explained by several factors.

08 EXILIS
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The mild, wet climate of the plain induces:
– strong shoot competition that results in

pronounced abscission;
– perfect condition for slow drying and maximum

uptake of the thinners with consequent better
performance of most of the compounds.

• In the rich, alluvial soils of the plain, trees tend to be
more vegetative and therefore bear lower bloom
intensity than in the hillside.

• Tall, vigorous trees, typical of the plain, are more
easily thinned in the lower part because of poor
light exposure (Fig. 11).

For the same reason:
• thinning trees grafted on dwarf rootstocks requires

much more effort than thinning the same cultivar on
vigorous stocks;

• it is advisable to reduce the water volume sprayed
on the lower part of vigorous trees.

TIME OF APPLICATION OF EXILIS® (BA)

BA is applied in a similar time frame to carbaryl, from
9 to 14 mm in diameter of the old wood, as average
of the whole cluster including the seemingly persistent
laterals. From the IASMA trials however, as well as
from authors, it seems that late applications, around
12-14 mm fruit diameter, are most effective (Fig. 12),
probably because of the better cell division
stimulation. It is important to note that the average
fruit diameter of the whole cluster on two year or
older wood is generally 1-2 mm smaller than the
central fruits that are often the standard reference for
the growers.

An important role is also played by the meteorological
condition at and after the treatment. The best
application time is when temperature is not limiting
absorption (at least 15 C°) and if possible, after a cool
and humid period of time, at the beginning of a warm
trend. Cloudiness, high humidity and temperature
after the treatment induce slow absorption and
enhance thinning efficacy (Tab. 4).

EXILIS® (BA) AND FRUIT QUALITY

An interesting feature of BA is the capacity to
stimulate fruit growth beyond the thinning effect
alone. Fruit thinning, either chemically or by hand,
induces increased weight of the remaining crop, since 

the trees nutrients are shared with a reduced number
of fruits. For most thinning compounds, this size
increase is simply due to the lesser competition
amongst the remaining fruits and is an indirect effect
of thinning. The fruit size increase has no linear
relationship with crop load since it compensates only
in part for the loss of fruits and becomes less and
less noticeable with low production. Below certain
crop loads, in the range of 20 to 40 leaves per fruit
depending on cultivar, age of trees and rootstock, no
further size increase is normally achieved by additional
fruit removal.

Tab. 3 Thinning efficacy of several thinning strategies based on BA

Thinning
treatment

BA 70-100 ppm

BA 100 ppm +
NAA 10 ppm

BA 100 ppm +
carbaryl 240 ppm
+ mineral oil

BA 100 ppm +
carbaryl 240 ppm
+ NAA 10 ppm +
mineral oil

Thinning
efficacy

very mild – none

very aggressive
(risk of over
thinning)

Side effects

direct effect on the
fruit size of some
cultivars

may increase
pigmy fruits on Fuji

may increase
pigmy fruits on Fuji

Tab. 4 Influence of meteorological condition after the treatment
on thinning effect

Thinning effect

high

low

Temperature
at night

high (>15˚c)

high (>15˚c)

low (<11˚c)

low (<11˚c)

Cloudiness

high (>40%)

low (<20%)

high (>40%)

low (<20%)
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BA however, is an exception to these rules since, at
least in some apple cultivars, it directly stimulates fruit
size. In certain conditions, BA may not thin the crop
significantly but still increases fruit diameter (Fig. 13).
In these circumstances often the slightly lower fruit
number is completely compensated by their
improved weight. As for thinning efficacy, even sizing
is normally correlated with the applied rates of BA
(Fig. 14). 

The direct BA action on fruit size can also be seen by
comparing the ratio between crop load (fruits/trunk
section) and relative average fruit size over nine year
of trials: for BA the regression line shows a theoretical
maximum fruit weight of 249 grams compared to
223 grams of the untreated (Fig. 15).

BA is contained in other plant growth regulators such
as perlan®, often applied on Red Delicious and
Golden Delicious to induce longer shape and to
improve skin finish. It is important to note that when
BA is applied as a thinner, without gibberellins and at
12-14 mm diameter, it does not have an effect on
fruit shape or skin finish.

Analysis of fruit samples of 70-80 mm diameter 
range showed that BA can improve interior fruit
quality in comparison to the unthinned control.
This improvement is again, mostly an indirect effect
of reduced competition for nutrients of the remaining
fruits. This is also the case for other thinners. In the
case of BA, the stimulation of cell division, or cytokinin
effect, may play a role in giving slightly better firm
apples (Fig. 16).

EXILIS® (BA) AS A REPLACEMENT FOR
OTHER THINNERS

Carbaryl is the active ingredient most likely to be
replaced by BA. However, it is also the most known
and used thinner, at least where it is still allowed. The
growers in Italy, France and Spain are so used to this
thinner and will only quit its use when forced by it is
withdrawn from the market. Given the good
toxicological profile BA, it is the best candidate as a
substitute for this and other thinners.

BA thinning is unique and is not matched by any of
the older thinning compounds. When used alone, it
can only partly substitute carbaryl. It is generally

milder and its varietal spectrum is not so large.
Golden or Granny Smith can be thinned by BA alone
only in favourable conditions with BA, however this is
not the case for Fuji and Red Delicious that still
depend strongly on carbaryl. 

When used alone, BA is a safe, mild thinner that
gently and selectively regulates crop load with little
risk of overthinning. However, when applied in
modern orchards on dwarf rootstocks and new
pruning systems, BA alone is not adequate and
thinning requires intensive hand adjustment of the
crop load. Increasing rates can help increasing
efficacy. Rates as high as 300-400 ppm BA,
interesting from a technical point of view, do not
cause overthinning or phytotoxicity but are expensive
from a practical point of view.

EXILIS® (BA) COMPATIBILITY WITH THE
OTHER THINNERS

One of the key features of BA is that it can be
inserted in a wide range of thinning strategies
since it interacts positively with the majority of the
other thinners.

NAD induces early mild thinning, particularly in Golden
and Gala, which starts the differentiation process
among the flower clusters. This paves the way for a
second later treatment, with BA or carbaryl, which
normally hits the weakened fruits, leaving 1 or 2
undisturbed fruitlets per cluster. Additionally, NAD
can also improve skin finish on Golden Delicious.
One negative aspect of NAD is the shocking effect
it has on vegetation and in part on fruit development,
particularly on Gala.

NAA is more quick and aggressive than NAD. This
can often impair fruit growth due to the shocking
effect on vegetation and fruitlets. NAA damage is
typically detected by the curling of shoot tips. NAA
has a slight cosmetic effect on Golden Delicious. BA
is an excellent partner for NAA. The two compounds
complement each other, the former being gentle and
the second shocking for the tree (Fig. 14). The tank
mix gives strong thinning with good fruit size and
excellent return bloom (Fig 14 and Fig. 9). 

Carbaryl: The ideal application timing of BA is similar
to that of carbaryl. Even in this case there is a strong
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positive interaction between the two active
ingredients that can be used in tank mix even at
very low rates bringing about excellent crop load
regulation in virtually all the apple cultivars (Fig. 17).
Only occasionally this mixture can induce
overthinning.

The trials in Trentino show that even the tank mix of
BA with both NAA and carbaryl can be an interesting
strategy for the most difficult to thin varieties in the
hillside (Fig. 18).

THINNING EFFICACY OF EXILIS® (BA) ON THE
MAIN APPLE CULTIVARS

There is a strong influence of apple variety on the
fruitlet thinning efficacy of BA. Until recently it
appeared that some varieties were affected and
some not, regardless of the rate. Ethylene is one of
the hormones involved in the fruit abscission. After a
few years of experience measuring fruitlet ethylene
production after treatment with BA in tank mix with
carbaryl, things proved to be different. Even in the
apparently not reactive Red Delicious there was a
moderate increase of ethylene released by the
fruitlets. Red Delicious and very often Fuji may not
show fruit drop related to BA alone. However, the
action of carbaryl is strongly enhanced by the
addition of BA. Some apple cultivars are much more
reactive than others to BA alone. However, used as a
partner to strengthen other thinners, it seems that the
reactivity to BA of the cultivars is quite different
compared to BA alone (Tab. 5).

Golden Delicious, among the main commercial
varieties is probably the most reactive, even to BA
alone. Surprisingly, adding BA to carbaryl only slightly
increases fruit drop but greatly affects fruit size.
Following NAD or mixing with NAA gives also very
interesting thinning and sizing (Fig. 19-Tab. 6).

Gala is regarded as a difficult to thin cultivar and is
less sensitive to BA alone. This cultivar is usually
thinned using NAD followed by carbaryl (Fig. 20).
While BA alone is only marginally effective on this
variety, when following NAD or in combination with
carbaryl it strongly enhances thinning and fruit size.
Another interesting application of BA on this variety is
offered by the tank mix with NAA, similar or better
than the traditional NAA+carbaryl (Tab. 7).

Fuji is by far the most difficult to thin apple cultivar
and requires a strong thinning program. Treatments of
two to four thinners to achieve good fruit quality and
to prevent its typical biannual bearing are common.
On this variety BA alone in Trentino is too mild, with
little effect on fruit size. When used alone with
favourable conditions, even if insufficiently, it generally
mildly thins in humid regions of the plain areas.
However, BA is an excellent partner in the new
thinning strategies for Fuji. Normally the single
application of BA+carbaryl works better than
NAA+carbaryl (Fig. 21). In general, in the ‘on-years’
when crop potential of Fuji can reach dramatic levels
(Fig. 22), double treatments are preferable, using 3-4
chemicals. The first treatment should be applied very
early at 8-9 mm using carbaryl alone or in tank mix
with NAA. BA plays an important role in the second
application, around 12 mm, if possible supported
again by carbaryl (Fig. 23, 24, 25). There is wide
experimental evidence that adding BA helps greatly
carbaryl in enhancing fruit thinning and sizing (Tab. 8)
improving red overcolour (Fig. 26, 27). In some years
such aggressive thinning strategies may induce
pigmy fruits on Fuji, which are small seedless apples
(25-50 mm in diameter). These fruits are hit by the
thinners but persist on the trees until harvest,
especially in the mild, humid climate of the Po
plain (Fig. 28).

Ethephon applied at 100-200 ppm at 5-20 % open
flowers can also be an interesting early bloom thinner
for Fuji. The difficulty in predicting the action of this
chemical suggests to limit its use to the cool climates
and to orchards that are strongly alternating, in the
on-year.

Granny Smith is a relatively simple cultivar, sensitive to
BA, as well as to all other thinners. Generally one or
two chemicals are used at medium low doses to
avoid overthinning.

Trials with Granny Smith show a very strong effect of
the mixture BA+carbaryl that induce excellent fruit
thinning and sizing (Tab. 9).

Pink Lady is an emerging cultivar which behaves
similarly to Golden Delicious, from which it descends,
in terms of both productivity and sensitivity to
thinners. Thinning strategies are therefore similar to
Golden. The slightly higher risk of overthinning



suggests lower rates or more moderate combinations
of chemicals (Fig. 29, 30, 31) (Tab. 10).

Red Delicious fruit set is not influenced by a single
treatment of 100-150 ppm of BA alone or by BA
100ppm+140 ppm of carbaryl, which is a too low
dose (Fig. 32). However, it is greatly affected by the
addition of BA to the second thinning treatment in
combination with carbaryl. This programme is more
aggressive than the double carbaryl without BA (Fig.
17, 33, 34, 35). Surprisingly on this cultivar the
additional effect of BA on thinning seems stronger
than on Golden (Tab. 5 and Tab. 11). Unlike NAD, BA
does not cause pigmy fruits and thus can be usefully
applied in orchards where Red Delicious is planted
together with Golden as a pollinator.

MAIN FACTORS AFFECTING CHEMICAL THINNING

Crop load regulation is affected by several factors
(Tab. 12)

TREE PRUNING AND CROP LOAD REGULATION

Most of the modern orchards are planted on dwarf
rootstocks like M9 and trained according to natural
tree shapes like spindelbush or vertical axis (Fig. 36).

Crop load regulation is strongly affected by the way of
training and pruning the orchards (Tab. 13). Pruning
reduces the number of flower buds and can be
regarded as the first thinning technique of the year. In
Italy, it has been regarded as the main tool for
establishing a regular crop and good fruit quality until
effective chemical thinning strategies were introduced
in the last decade.

In recent years, particularly on rich soils where trees
tend to be vigorous, there is a growing interest for
several training systems that are mainly based on
long pruning, which require:
• gradual removal of the basal branches at 60-100

cm to raise the first scaffold and allow it to bend
downwards;

• elimination of the vigorous, upright branches,
particularly in the higher part of the tree;

• minimal pruning of the well balanced and
productive branches;

• bending young shoots before they grow too much
both in summer and winter;

• maintaining a conical shape to the tree.
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Tab. 5 Thinning effect of BA on some apple cultivars

Thinning effect
i exilis da soloi 

Golden

Pink Lady,
Granny Smith

Fuji, Gala

Red Delicious

BA  alone

i exilis
high

none

BA added to
carbaryl

low

medium

medium

medium-high

Tab. 6 Thinning strategies for Golden Delicious

Effiicacy

very mild

very strong

I.C.P.*

NAD 84ppm

NAD 84ppm

NAD 84ppm

NAD 84ppm

NAD 84ppm

NAD 84ppm

9–10mm

carbaryl
240ppm

carbaryl
240ppm +
BA100ppm +
NAA 5–10ppm

12mm

BA100ppm

BA100ppm

carbaryl
240ppm

carbaryl
240ppm +
BA70–100ppm

carbaryl
240ppm +
NAA10ppm

BA100ppm +
NAA10ppm

carbaryl
240ppm +
BA70–100ppm

Time (fruit diameter)

Adding mineral oil slightly strengthens thinning efficacy
*Beginning of Petal Fall



Severe pruning reduces the number of flower buds
and is currently only advised for poor soils on the
hillside where trees are weak. The productivity of
these orchards is generally medium-low, rarely
exceeding 40 tons per hectare. The demand
for thinning is mild and often a single application
is enough.

Long pruning leaves a lot of flower buds, reducing
tree vigour and shoot competition. This results in the
production of many flower buds with a high tendency
to set, gives early cropping and strongly productive
trees with moderate vigour (Fig. 36, 37, 19). These
kind of trees are very efficient, waste little energy in
forming unnecessary wood and are very easy to
handle in terms of pruning.

By adopting this technique yield increases of 30-50%
are possible giving yields of 40 - 55 tons per hectare.
The major obstacle with this technique is the amount
of thinning subsequently required. Several trials clearly
show that the efficacy of chemical thinning is strongly
reduced by long pruning. As a result, if one thinner
was sufficient to regulate the crop in a traditional
training system adopting short, strong pruning,
usually 2 applications with 2-4 chemicals altogether
are needed for the modern long pruning techniques.

USE OF OTHER PGRS AND THINNING

Forecasting the efficacy of the thinning strategies is
never easy as a result of the many variables involved.
The application of other PGRs in the same time
frame in which thinners are used may add further
doubts about thinning action. As a precaution it is
advisable to avoid any chemical that might interfere
with the hormonal pattern of the tree and with the
setting tendency.  

Experimental trials and practical application have
shown that certain PGRs do not interfere with
thinning. This is the case of treatments containing
gibberellins and sometimes low dose of BA, which
are used from full bloom to 25 mm diameter of fruits.
The small amount of BA applied in products such as
Perlan does not exceed 10-15 ppm, a rate insufficient
to affect fruit set, even at the time of maximum BA
efficacy, around 10 to 14 mm in diameter.

Growth regulators, such as prohexadione calcium or
others, affect the competition between shoots and
fruitlets in the post bloom period (Fig. 38). When
growth retardants are used, they are likely to
moderately increase fruit set (Fig. 39), and
consequently growers should take into consideration
the possibility of strengthening the thinning strategy.

14 EXILIS
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Tab. 7 Thinning strategies for Gala

Efficiacy

very mild

very strong

I.C.P.*

NAD 60ppm

NAD 60ppm

NAD 60ppm

NAD 60ppm

NAD 60ppm

NAD 60ppm

9–10mm

carbaryl
240ppm

12mm

carbaryl
240ppm

BA100ppm

carbaryl
240ppm

carbaryl
240ppm +
BA70–100ppm

carbaryl
240ppm +
NAA10ppm

BA100ppm +
NAA10ppm

carbaryl
240ppm +
BA70–100ppm

carbaryl
240ppm +
BA70–100ppm+
NAA 5–10ppm

Time (fruit diameter)

Adding mineral oil slightly strengthens thinning efficacy
*Beginning of Petal Fall

Tab. 8 Thinning strategies for Fuji

Efficiacy

very mild

very strong

(ethephon
120ppm)*

Beginning
of bloom

8mm

carbaryl
240ppm

carbaryl
240ppm

carbaryl
240ppm +
NAA10ppm**

12mm

BA100ppm

carbaryl
240ppm

carbaryl
240ppm+
BA100ppm

carbaryl
240ppm

carbaryl
240ppm +
NAA10ppm

BA100ppm +
NAA10ppm

carbaryl
240ppm+
BA100ppm

carbaryl
240ppm +
BA100ppm

Time (fruit diameter)

Adding mineral oil slightly strengthens thinnng efficacy
*Unpredictable thinning efficacy (from none to very strong) 
**May cause pigmy fruits

Tab. 9 Thinning strategies for Granny Smith

Efficiacy

medium

very strong

I.C.P.*

NAD 60ppm

NAD 60ppm

NAD 60ppm

NAD 60ppm

10-12mm

carbaryl 240ppm

BA 100ppm

carbaryl 240ppm

carbaryl 240ppm +
BA 70-100ppm

Time (fruit diameter)

Adding mineral oil slightly strengthens thinning efficacy
*Beginning of Petal Fall

Tab. 10 Thinning strategies for Pink Lady

Efficiacy

very mild

very strong

I.C.P.*

NAD 60ppm

NAD 60ppm

NAD 60ppm

NAD 60ppm

10-12mm

carbaryl 240ppm

BA 100ppm

carbaryl 240ppm

carbaryl 240ppm +
BA 70-100ppm

BA 100ppm +
NAA 10ppm

carbaryl 240ppm +
NAA 10ppm

Time (fruit diameter)

Adding mineral oil slightly strengthens thinning efficacy
*Beginning of Petal Fall
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CONCLUSION

Fruit growers are waiting for a replacement of the
insecticide carbaryl with low toxicological profile and
similar thinning efficacy and varietal spectrum.
However, given the high need for thinning of modern
planting on dwarfing rootstocks and long pruning
systems, growers are getting more accustomed to
complex thinning programs requiring 2-4 chemicals
to achieve adequate crop load control. BA is a very
versatile thinner that can be used on almost all
varieties with different efficacy and goals. 
BA alone can not completely replace carbaryl. In the
countries where it is still allowed by the Integrated
production disciplinarians, growers will rely on this old
and well known molecule as long as they can.
Different situations can be imagined for BA
application in Europe.

• In a scenario in which only BA can be used for
thinning, growers will be able to chemically manage
the crop load of certain varieties. For others they
should take into account changing pruning systems
and be prepared for intensive hand thinning.

• Where carbaryl has been already withdrawn from
the market and other thinners are available, NAA
and to a lesser extent NAD, are likely to be the best
candidate for improving BA effectiveness. 

• Where most of the thinners are available, which is
the case in Italy, France and Spain, still there is still
plenty of opportunity for BA use. Advisors and
growers are realizing that, when they need thinning
strategies that demand more than one compound,
BA potential is much greater than any other thinner
on the market. 

The positive assets of BA are linked to:
• the synergic effect when combined with other

chemicals;
• the lack of stress on vegetation and fruits that are

commonplace with other thinners, particularly NAD
and NAA;

• the positive effect of BA on fruit size also due to cell
division stimulation.

BA can achieve the best results when accompanied
by other chemicals. All the available thinners can be
put together in a programme, with no drawbacks
and generally with excellent results. The risk of
overthinning increases when more than one thinner
is used but this is usually something that growers
are prepared to handle.
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Tab. 11 Thinning strategies for Red Delicious spur

Efficacy

very mild

very strong

(ethephon
120 ppm)*

Beginning
of bloom

8mm

carbaryl
240ppm

carbaryl
240ppm

12mm

carbaryl
240ppm

carbaryl
240ppm

carbaryl
240ppm+
BA 100ppm

Time (fruit diameter)

Adding mineral oil slightly strengthens thinning efficacy

* Unpredictable thinning efficacy (from none to very strong)

Tab. 12 Main factors affecting crop load regulation

Factor

Cultivar 
(Golden, Fuji, etc.)

Yield in the
previous year 
(scarce, abundant) 

Rootstock 
(M9, M26, etc)

Vigour
(low, high) 

Pruning
(long/short)

Planting space
(low or high density)

Use of other PGR

How it affects fruit set and crop load

more or less prone to fruit set and
biannual bearing

if abundant induces low bloom or
increases fruit abscission

dwarfing stocks have higher yield
efficiency and set more than vigorous
ones

affects the competition between
shoots and fruitlets: vigorous trees
naturally discard more fruits

affects vigour, shading and the flower
buds/leaf buds ratio

affects light interception and vigour

affects the competition between
shoots and fruitlets

Tab. 13 Relationship between pruning and thinning

Weak orchard

Severe short pruning

Mild thinng

Medium-low crop potential

Vigorous orchard

Long pruning

Strong thinning

High crop potential
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Figure 2. The daily fruit drop pattern is only slightly increased in unthinned trees, if compared
to thinned with BA or NAA treated trees (Golden Delicious – Adige valley, 2004)
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Figure 7. Influence of chemical thinning on fruit set of Golden Delicious
(Adige valley 2001)
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Figure 14. Rates of BA and yield distribution in the size classes (Golden
Delicious – Adige valley 2001)
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Figure 13. Influence of chemical thinning on fruit number per tree and
on their weight (Golden Delicious, Non valley - 1999)

Figure 12. Influence of time of application on fruit number per tree and
on their weight (Golden Delicious, Non valley - 1998)
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Figure 17. Fruit number of Red Chief (Adige valley, 2005)
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Figure 20. Influence of chemical thinning on fruit number per tree and
fruit weight (Royal Gala, Adige valley - 2000)
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Figure 39. Fruit set of Golden Delicious after several thinning agents 
with and without the use of prohexidione calcium (Adige valley - 2003)

Figure 33. Fruit weight of Red Chief (Adige valley, 2005)
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Fig. 4 Excellent “hierarchization” on Fuji / M9 thinned with NAA+carbaryl followed by
BA+carbaryl (Adige valley 2005)

Fig. 6 Red Chief: unthinned
(Adige valley)

Red Chief: thinned with ethephon
200 ppm

Fig. 10 Return bloom in the year folling the trial (Golden in Adige valley, 2002)
UNTREATED BA 200 ppm

UNTREATED BA 200 ppm

Fig. 22 Fuji / M9 UNTREATED
(Adige valley 2005)

Fig. 25 Fuji / M9 thinned with:
NAA+carbaryl followed by BA+carbaryl
(Adige valley 2005)

Fig. 1 Abundant fruit drop after thinning
with NAD and carbaryl on Golden
Delicious (26/5/01 – Friuli)

Fig. 3 Etephon 150 ppm on Red Chief
(27/4/04): lack of selectivity on flower
clusters (Adige valley)

Fig. 11 Very vigorous three year old
Fuji / M9 in the padano- veneta plain
(Friuli – 2002)

Fig. 19 Three year old Golden Delicious:
long pruned and thinned using NAD followed
by BA 75 ppm (2300 trees / ha - Friuli)
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Fig. 34 Red Chief thinned using carbaryl+oil followed by BA+carbaryl+oil
(Adige valley 2005)

Fig. 35 Red Chief: untreated (Adige valley 2005)

Fig. 31 Pink Lady thinned with NAD 70
ppm (Adige valley 2005)

Pink Lady thinned with NAD 70 ppm
followd by BA 100+carbaryl+oil

Fig. 27 Six year old Fuji / P16 thinned
with: NAA+carbaryl followed by 
BA+carbaryl and hand thinning
(commercial orchard in Friuli, 2005) 

Fig. 28 Pigmy fruits of Fuji thinned
using BA 100 ppm+NAA 100 ppm
(Adige valley – 2001)

Fig. 36 Golden Delicious/M9 spindel
trained adopting long pruning
(Adige valley) 

Fig. 37 Good hierarchization of Golden
Delicious / M9 adopting long pruning after
thinning with NAD -> CARBARYL + OIL
(26/5/01 – Friuli)

Fig. 38 Untreated (Golden Delicious, Adige valley2003) Prohexidione calcium



26 EXILIS

NOTES



27 EXILIS

NOTES



FINE AGROCHEMICALS LTD
Hill End House
Whittington
Worcester  WR5 2RQ  UK
Tel. +44 (0)1905 361800
Fax +44 (0)1905 361810
enquire@fine-agrochemicals.com
www.fine-agrochemicals.com

Exilis® contains 21 g / l 6-benzyladenine
® Registered Trademark of Fine Agrochemicals Ltd


