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Summary

Prohexadione-Ca enables vegetative growth in
pome fruits to be controlled. Benefits for the gro-
wers consist in reduced needs for summer and dor-
mant pruning and improved efficiency of crop pro-
tection. Fruit yield and/or fruit quality are, as a ge-
neral trend, slightly increased. Most likely, this is the
result of modified source-sink relations and in-
creased light intensities in central parts of large trees.
Providing that good horticultural practice is exer-
cised, constant and uniform fruit production can,
long-term, be expected. However, care has to be ta-
ken to avoid too high dosages particularly in pear
trees, since this may lead to reductions in return
bloom.

Zusammenfassung

Einfluss von Prohexadion-Ca auf die vegetative
und reproduktive Leistung bei Apfel und Bir-
ne. Mit Prohexadion-Ca kann bei Kernobst das ve-
getative Wachstum kontrolliert werden. Die Vorteile
für die Anwender bestehen in einem reduzierten
Aufwand für Sommer- und Winterschnitt sowie in
einer gesteigerten Effizienz von Pflanzenschutz-
maßnahmen. Fruchtertrag und -qualität werden im
Trend gefördert. Dies ist wahrscheinlich auf verän-
derte Source-Sink-Verhältnisse sowie auf eine er-
höhte Lichtintensität im Inneren großkroniger Bäu-
me zurück zu führen. Bei guter gartenbaulicher Pra-
xis kann langfristig ein konstanter und gleichmäßiger
Fruchtertrag erwartet werden. Insbesondere bei Bir-
nen ist jedoch eine zu hohe Dosis an Wirkstoff zu
vermeiden, da es sonst zu einer Reduzierung der
Blühintensität im Folgejahr kommen kann.
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Introduction

Proper tree growth management is of major concern in
commercial pome fruit production. Avoiding excessive
shoot growth will induce earlier flowering and fruiting
in young trees. Older trees have to be contained to their
allocated space, thereby reducing crowding and shading.
The crowns of fruit trees should be sufficiently open to
allow good light penetration to the inner parts of the
canopy, thereby improving photoproductivity and fruit
coloration. Additionally, efficient crop protection is sig-
nificantly facilitated in such trees. Since the beginning of
professional apple and pear production, several tech-
niques have been employed to avoid excessive shoot
growth. Different types of dwarfing rootstocks and sci-
ons have become available particularly for apple. Indi-
vidual cultivars may also show significant differences in
shoot vigour. Dormant and summer pruning are the
main cultural practices for shoot control in addition to
regulation of fruit set. Other methods include: root
pruning, root restriction, stem girdling or stem sawing,
limb bending, breaking or wounding and restrictive fer-
tilization and irrigation. However, any of these methods
is cost-intensive and/or bears a high risk of failure. Fur-
thermore, part of the trees’ assimilates or potential as-
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similates are lost. Alternatively or additionally, plant bio-
regulators may be employed for the reduction of shoot
growth (MILLER 1988). Several of such growth retar-
dants are known, which diminish vegetative growth in
different plant species. Except for ethephon all of these
compounds are inhibitors of gibberellin (GA) metabo-
lism (RADEMACHER 2000). In the past, daminozide has
been used relatively widely for shoot growth control in
apple production. However, due to toxicological con-
cerns, it was banned from use in edible crops at the end
of the 80s. Chlormequat chloride has been of great in-
terest particularly in pear production. This compound
has recently been withdrawn in many countries because
excessive use resulted in unacceptable residue levels.
The triazoles paclobutrazol and uniconazole are regis-
tered only in a few countries and are only of minor re-
levance for pome fruits.

The new growth retardant prohexadione-Ca (Pro-
Ca) was first tested by BASF in fruit trees at the begin-
ning of the 90s. Since the year 2000, APOGEE® and
REGALIS® (wettable granular formulations with 27.5
and 10 % ProCa, respectively) have become commer-
cially available for application in pome fruits. Uses in
further fruit crops are currently under investigation.
This contribution gives an overview on the state of
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knowledge on using ProCa as a growth regulator in ap-
ple and pear production. Emphasis is laid on experi-
ence obtained under European growing conditions.
General characteristics, aspects to obey for efficient
use, and the effect of ProCa on diseases are dealt with
in other contributions (RADEMACHER and KOBER 2003;
BAZZI et al. 2003).

Materials and Methods

The trials referred to in this contribution have been
conducted between 1998 and 2003 in typical
fruit-growing regions of France, Germany, Italy, Spain,
and The Netherlands under orchard-like conditions.
Unless otherwise noted, the product REGALIS® has
been used. Trees were treated at timings according to
label, typically with volumes of liquid of approximately
400 litres per metre of crown height (“next to
run-off ”) (cf. RADEMACHER and KOBER 2003). More
details are given in the results.

Results and Discussion

Control of vegetative growth in apple 

Vegetative growth is the parameter most obviously af-
fected by ProCa applications. The inhibitory effect of
ProCa on the formation of growth-active GAs
(RADEMACHER 2000) leads to a reduction of longitudi-
nal shoot growth. Several aspects may influence its ac-
tivity, such as: bioavailability of the active ingredient
(a.i.) in the target tissue, plant phenological stage at the
time of application, and number of treatments. In order
to find the best dosages and timings, a broad range of
rates of ProCa has been applied at different stages of
shoot development. In single applications at the begin-
ning of shoot growth, concentrations of 50–60 ppm of
a.i. (spray-applied until run-off) appeared as the lowest
level for an effect evaluation, whereas concentrations
higher than approximately 250 ppm a.i. did not, in ge-
neral, any longer lead to relevant additional effects
(BOMBEN et al. 1998; BYERS and YODER 1999; GREENE
1999; UNRATH 1999; BOMBEN and VIZZOTTO 2000;
BASAK and RADEMACHER 2000; MILLER et al. 2002).
Recently, GUAK et al. (2001) showed that a single ProCa
treatment with 250 ppm a.i. was unable to control
shoot growth when applied in the second half of the
vegetative season. This confirms that shoot growth
must be controlled from the very beginning. Once
growth-active GAs have been formed, ProCa may in-
hibit their degradation by 2ß-hydroxylation, which
could, paradoxically, even lead to intensified shoot
elongation (cf. RADEMACHER 2000). In principle, the
same could occur with simultaneously applied GA4,
which, in mixture with GA7, is often applied to reduce
fruit russeting. A slight antagonising effect on shoot
growth has been observed in some instances when
ProCa had been co-applied with GA4/7 (MILLER et al.
2002; SCHRÖDER et al. 2003; LAFER and SCHRÖDER
2003). In order to reduce the risk of such antagonising
interactions, it is recommended that the compounds be
applied separately at an interval of a few days
(RADEMACHER and KOBER 2003). As indicated by BY-
ERS and YODER (1999), almost 75 % of the season’s
shoot growth in apple occurs during the first 30 days af-
ter blooming. In order to obtain optimal results, the first
treatment should, therefore, be carried out at a few cen-
timetres of shoot growth, when there is sufficient leaf
area for adequate ProCa uptake (BYERS and YODER
1999; UNRATH 1999; MILLER 2002; MILLER et al. 2002;
RADEMACHER and KOBER 2003). Typically, this timing
corresponds with petal fall (GREENE 1999). The bio-
logical half-life of ProCa in plants is in the range of 10–
14 days. Therefore, repeat treatments at time intervals
of three to five weeks make sense, particularly if there
is a risk of re-growth later in the season.

Due to the relatively rapid degradation of ProCa in
plants, residual effects in the next season are highly un-
likely. The effects on vegetative parameters during the
following season were evaluated by several researchers,
leading to partially different results, which were prima-
rily dependent on the time of application and the cli-
matic conditions characterising the respective fruit
growing area. For instance, as reported by COSTA et al.
(2004a), regularly applied ProCa did not show any re-
sidual effect on shoot growth of apple trees (grown in
the Emilia-Romagna Region of Italy) during the fol-
lowing season. Likewise, several trials carried out by
MILLER (2002) did not reveal major changes in the
shoot growth of apples treated in the previous year. Re-
duced shoot growth early in the season, when proper
application of ProCa is difficult, could be of value for
inducing resistance against blossom blight caused by
Erwinia amylovora. Attempts to obtain such results by
treating trees post-harvest with high dosages of ProCa
failed under Central European climatic conditions
(Rademacher unpublished). In contrast, carry-over has
been observed as a result of a post-harvest treatment in
apple trees grown in Massachusetts, USA (D.W.
Greene, Amherst, USA, personal communication).
Here, a more abrupt onset of winter with generally
lower temperatures obviously delays degradation of
ProCa more intensively.

ProCa is registered in Europe for use in apples
mostly with a maximum rate of 250 g ha–1 of a.i. per
season and a period of delay of 55 days between the fi-
nal treatment and harvest. This registration allows ade-
quate regulation of shoot growth in the vast majority of
cases without risking detectable (>0.05 ppm) residues
in fruits at harvest. In general, a split application with
two dosages of each 75 to 150 g ha–1 of a.i. has turned
out to give the best results (RADEMACHER and KOBER
2003). As the main basis for these recommendations, a
valuable set of data on the performance of ProCa (used
as REGALIS®) in apple is available: 57 registration and
regular trials conducted in 1999 and 2000 in France,
Germany, Italy, and The Netherlands. All of these trials
followed the same protocol and a total of 14 different
cultivars, all growing on rootstock M.9, were involved.
Besides shoot growth, fruit yield per tree and individual
fruit weight or size have been determined in many of
these trials. As can be seen in Fig. 1, both a single appli-
cation of 250 g ha–1 a.i. or a split treatment with 2 x
125 g ha–1 a.i. led to an average reduction of shoot
growth by approximately 40 %. However, split applica-
tions are preferred since this would enable the relatively
short-lived ProCa to control flushes of shoot growth,
which may occur later in the season.
Europ.J.Hort.Sci. 6/2004
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Diminishing pruning costs is of major concern in
fruit production. After treatment with ProCa, summer
pruning is, in most cases, no longer needed. However,
the most significant savings result for labour-intensive
dormant pruning. Table 1 summarises results obtained
in 2001/2002 at different locations in France: on an
average, the time required for dormant pruning was re-
duced by 34 %. These findings are in line with many
other observations: For instance, working with ‘Elstar’
and ‘Gala’ on M.9, LAFER (2003) and SCHRÖDER et al.
(2003) report time reductions for dormant pruning in
the range of 33 %. In 10-year-old ‘Ace Delicious’ trees
on MM.111, different dosages and timings of ProCa
led to time reductions for dormant pruning of between
22 and 50 % (BYERS and YODER 1999). Further results,
all representing similar time savings for dormant pru-
ning are summarised by MILLER et al. (2002). Another
result of decreased tree size and canopy density is an
improved spray deposition within the canopy when ap-
plying fungicides and insecticides (UNRATH 1999;

Fig. 1. Effect of ProCa on shoot growth (14 cultivars/num-
ber of individual results: n=45–57), fruit yield per tree (11
cultivars/n=26–28), and on single fruit weight or size (8 cul-
tivars/n=18–20) in apple. [Results of official and regular tri-
als following the same trial protocol and conducted in 1999
and 2000 in France, Germany, Italy, and The Netherlands; **
marks results significantly (p<0.05) different from untreated
in the Duncan’s Test.].

** ** 
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Table 1. Effect of ProCa (split-applied at 125+125 ppm of
a.i.) on time required for dormant pruning in apples (France
2001/02).

Location Reduction in pruning time 
(as compared to respective control)

Angers 45 %
Avignon 52 %
Nérac 52 %
Toulouse 15 %
Limousin 3 %
Val de Loire 35 %

Mean of all trials 34 %
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MILLER 2002; MILLER et al. 2002; RADEMACHER and
KOBER 2003).

Effects on fruit yield and fruit quality parameters in apple

In most instances, ProCa does not markedly affect
fruit yield. As shown in Fig. 1, only a slight tendency
towards yield increase was observed, particularly
when trees were treated twice with 125 g ha–1 a.i..
However, significant yield increases have been re-
ported in individual cases: In cv. ‘Golden Delicious’,
a single application of 175 ppm of ProCa led to al-
most 15 % more yield per tree with an average fruit
weight increased by more than 10 % (COSTA et al.
2000). ProCa may also be used to “rescue” fruit set,
for instance if alternating trees are in the “off ” year
or if late frost has killed more than approximately
95 % of the blossoms in normally flowering trees.
Under such conditions, early treatments at peak flo-
wering give the best results (LAFER and SCHRÖDER
2003; SCHRÖDER et al. 2003). Increases in yield could
be explained with the effect of ProCa on ethylene for-
mation (RADEMACHER 2000), which would reduce
abortion of young fruitlets and with the lower compe-
tition exerted by the vegetative sinks of growth-regu-
lated trees (RAMINA et al. 1981; COSTA et al. 1986). Ad-
justing fruit set would help eliminate the onset of al-
ternate bearing. However, inducing exaggerated in-
creases in fruits per tree must be seen with reserva-
tion, since more aggressive thinning will be necessary
if fruit set and retention are too high and overcrop-
ping might reduce both fruit quality and return bloom
(GREENE 1999; MILLER et al. 2002; SCHRÖDER et al.
2003). ProCa has no significant effect on fruit weight,
provided that adequate thinning is performed (cf.
Fig. 1). Likewise, there is no general trend for changes
in fruit quality parameters (BYERS and YODER 1999;
COSTA et al. 2004a), although both slightly positive
and negative deviations have been observed (GREENE
1999; BASAK and RADEMACHER 2000; SCHRÖDER et al.
2003). Results are available that fruit cracking may be
intensified by ProCa in varieties (e.g. cv. ‘Stayman’)
susceptible to this disorder (MILLER et al. 2002). Often,
improved fruit coloration is observed after treating
trees with ProCa (e.g. BYERS and YODER 1999;
GREENE 1999). This is, most probably, the result of
better light penetration into the canopy because of
vegetative growth reduction (UNRATH 1999). In dense
canopies, photosynthetic active radiation is often in-
creased by 20 % or more after treatment with ProCa
(RADEMACHER unpublished).

Long-term effects on fruit production in apple 

A constantly adequate bearing is of particular impor-
tance in perennial crops such as fruit trees. As a main
prerequisite, vegetative growth and fruit production
have to be in balance year by year. ProCa has been
shown to slightly increase fruit set or fruit retention
(GREENE 1999) as well as return bloom in apple
(OWENS and STOVER 1999; BASAK and RADEMACHER
2000) when applied under responsive conditions. As a
result of continuous treatment with ProCa over four
consecutive years, LAFER (2003), and LAFER and
SCHRÖDER (2003) report that fruit production in vigo-
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rous ‘Elstar’/M.9 had become significantly more stable
and uniform.

Control of vegetative growth in pear

Reduction of vegetative growth in pear trees with pro-
hexadione-Ca was tested on several cultivar/root-
stock combinations as well as in different agronomi-
cal environments. As a general result, a successful use
of ProCa in pear was more difficult to achieve than in
apple (COSTA et al. 2001, 2004b). Vigour of the culti-
var/rootstock combination appears to be the main
determining factor for selecting dosages for an appro-

Table 2. Final shoot length in pear cv. ‘Abbé Fétel’ as affected 
the area of Bologna/Ferrara, Italy).

Year Rootstock Concentration 
(ppm)

Pre-
bloom 0

1999 Quince C 4 x 50 x
2000 Quince C 4 x 50 x
2001 Quince C 4 x 50 x

1999 Quince BA 29 125 x

1999 Quince BA 29 2 x 125 x

1999 Quince BA 29 3 x 125 x x
1999 Quince BA 29 3 x 125 x x
2000 Quince C 3 x 125 x x
2001 Quince C 3 x 125 x x

1999 Quince BA 29 250 x

1999 Quince BA 29 2 x 250 x

1999 Quince BA 29 500 x
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priate vegetative control. Table 2 summarises the re-
sults of several experiments with ‘Abbé Fétel’, the pre-
vailing pear cultivar in the Emilia-Romagna Region of
Italy, in which the effects of different dosages and
times of application had been evaluated. Final shoot
length was generally reduced by ProCa treatments by
approximately 15 to 35 % as compared to untreated
trees. In cv. ‘Abbé Fétel’, the best results were achieved
in most cases with low dosages repeatedly applied over
the vegetative season (50 ppm a.i. applied 4 times). Re-
peat applications (2 x or 3 x 120 g ha–1 a.i.) also turned
out to give the best results in cv. ‘Conference’ grown in
The Netherlands (Fig. 2). Here, reductions of shoot

by ProCa (in 1999 applied as APOGEE®; trials conducted in

Timing of application Final shoot length 
(100=control)

Days after petal fall
10 20 30

x x x 66.7
x x x 64.9
x x x 69.1

84.4

x 87.8

x 82.4
x 70.0
x 71.8
x 57.6

88.5

x 77.9

80.6

Fig. 2. Shoot length, number of
shoots, fruit yield, and return bloom in
pear ‘Conference’ (on Quince C; 5th

leaf in 2001) in two consecutive years
after treatment schedules with different
numbers of repeat applications (first
treatment at 3–5 fully developed leaves;
time interval between treatments: 3–5
weeks; 5 trees per variant; location:
Dronten, The Netherlands). Absolute
control values per tree: Total shoot
length: 14.8 m (2001), 31.3 m (2002);
number of shoots: 42 (2001), 66 (2002);
fruit yield: 15.8 kg (2001), 14.9 kg
(2002); inflorescence buds: 134 (2002),
128 (2003). In March 2001, trees were
root-pruned on one side at a distance
of approximately 50 cm from the
trunks.

Fruit Yield

2002

Number of

Flower Buds

2003

 3 x 120 g ha-1
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growth by 20 to 25 % were achieved with ProCa alone
(2002). Combining ProCa applications with moderate
(only on one side of the tree row) root pruning, as in
2001, led to a significant intensification of shoot
growth reduction. These trials also demonstrated that
the number of shoots was reduced by 10 to 20 %. This
would roughly indicate the potential for saving labour
for dormant pruning. In the very vigorous combina-
tion cv. ‘Williams’/‘Kirchensaller’, ProCa gave only a
faint effect, even if applied 4 times at 125 ppm a.i.
(COSTA et al. 2001). Also in the very vigorous cv. ‘Blan-
quilla’ (a common variety in Catalonia, Spain), dosages
of about 400 g ha–1 a.i. are required per season for ad-
equate reduction of shoot growth (Fig. 3). Additional
flushes of shoot growth later in the season may also re-
quire higher dosages of ProCa (ELFVING et al. 2002).
Therefore, the registered rates for pear are significant-
ly higher than those for apple in several European
countries. Furthermore, combinations with root
pruning, controlled irrigation and fertilisation or oth-
er methods have to be considered in situations of ex-
ceptionally high vigour. In vigorously growing pear
trees flushes of growth may occur late in the season,
which represents a negative phenomenon, since it
constitutes a strong sink for carbohydrates (CORELLI
GRAPPADELLI et al. 1994) with potential detrimental
effects on developing fruits and on return bloom. It
has also to be considered that gibberellic acid (GA3) is
often applied in pear orchards to induce partheno-
carpic fruit formation after damage resulting from low
temperatures. Abundantly applied GA3 may stimulate
shoot growth and, hence, antagonise the effect of Pro-
Ca. However, ProCa does not affect metabolic degra-
dation of GA3, since, due to the presence of a double
bond, blocking of 2ß-hydroxylation is impossible with
this gibberellin.

Effects on fruit yield and fruit quality parameters in pear

The results of trials conducted with different culti-
var/rootstock combinations under the growing condi-
tions of the Emilia-Romagna in Italy are reported in
Table 3. Most applications of ProCa resulted in a ten-
dency towards enhanced single fruit weight, whereas
fruit yield per tree was not markedly affected. These
results were confirmed with cv. ‘Blanquilla’ grown in

n =                      14                       15                         15                            6     

g ha-1 a.i.:         <400                  400–600                600–900                >900     
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Catalonia, Spain: ProCa applied at total seasonal do-
sages from less than 400 g ha–1 a.i. to more than
900 g ha–1 a.i. did not induce major increases in fruit
yield (Fig. 3). SUGAR et al. (2002) point out that fruit
thinning may be required to avoid reductions in fruit
weight. So far, no significant effects on the main inter-
nal fruit quality parameters (soluble solids content,
flesh firmness, acidity, etc.) have been observed (COSTA
et al. 2001, 2004b).

Long-term effects on fruit production in pear

Return bloom may be reduced in pears after ProCa ap-
plication (SUGAR et al. 2002). In most situations, a slight
impact is acceptable and imposes no risk on fruit yield
formation. For instance, the results obtained with cv.
‘Conference’ in The Netherlands indicate reductions in
return bloom in the range of 10 to 20 %, which were
without negative consequences on fruit yield. These
trials were conducted over four consecutive years and
resulted in small, but consistent yield increases in the
range of 10 % (Fig. 2 – data shown only for the time
span, in which a complete evaluation was carried out).
The negative effect of ProCa on return bloom is most
pronounced when high dosages are used, exceeding a
critical limit. For example, systematic trials conducted
in 2001/2002 in Spain with the very vigorous cv. ‘Blan-
quilla’ revealed that ProCa induced a rate-dependent
reduction of return bloom (Fig. 3): Dosages up to
400 g ha–1 a.i. reduced flowering in the next spring by
only approximately 5 %, which would be acceptable.
However, due to its high vigour, cv. ‘Blanquilla’ often
requires higher dosages, which could lead to unaccept-
able effects on flower bud induction and, hence, may
need additional or alternative methods to control shoot
growth.

It is well known that increases in fruit production
will, typically, lead to a certain degree of return bloom
reduction, as seen in Fig. 2. However, it is difficult to
give a physiological explanation for the observed ex-
treme reductions in return bloom following very high
dosages of ProCa. Intense vegetative growth may
consume too many assimilates required for adequate
flower bud formation. Therefore, reducing shoot
growth should rather lead to improved return crop-
ping as observed, for instance, after application of

Fig. 3. Effect of ProCa at different to-
tal seasonal dosages on fruit yield per
tree, shoot length, and return bloom in
pears cv. ‘Blanquilla’. Trials were con-
ducted in Catalonia, Spain in 2001/2
(n=number of trials).                     50 

               Mean
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chlormequat chloride (REEDIJK 1972). A reduction of
florigenic GAs by ProCa could be a theoretical expla-
nation, but knowledge on the direct role of distinct
GAs on flower induction in pear trees is lacking. An-
other possible explanation could be the inhibition of
ethylene biosynthesis by ProCa (RADEMACHER 2000),
because treatment with the ethylene-releasing com-
pound ethephon may lead to better return bloom in
pome fruits, independently of effects on fruit set or
shoot growth (TROMP 2000). Preliminary evidence is
available that co-applied ethephon counteracts, at
least to some extent, the negative impact of high rates
of ProCa on return bloom in pears (P. Vilardell, Fun-

Table 3. Yield per tree and average fruit weight in different pea
APOGEE®) (trials conducted in the area of Bologna/Ferrara, 

Year Cultivar Rootstock

1998 ‘Abbé Fétel’ Quince BA 29

1999 ‘Abbé Fétel’ Quince BA 29

‘Conference’ Quince BA 29

‘Abbé Fétel’ BH/Quince C

2000 ‘Abbé Fétel’ BH/Quince C

‘Williams’ Kirchensaller

2001 ‘Abbé Fétel’ BH/Quince C

‘Williams’ Kirchensaller

2002 ‘Abbé Fétel’ Quince Sydo

‘Santa Maria’ Quince BA 29

n.d.=not determined; ↑=increases
dació Mas Badia – IRTA, La Tallada, Spain, and L.
Asín Jones, IRTA-Estació Experimental de Lleida,
Lleida-Spain, personal communication). Increased
fruit set has also been observed in sweet cherries
when ProCa was combined with ethephon (ELFVING
et al. 2003).

Secondary flowering in pears may also be affected
by ProCa: COSTA et al. (2001) report reductions by 60
to 80% as compared to the controls. Secondary flowers
are often penetration sites for the bacterium Erwinia
amylovora, the causal agent of fire blight. A reduced in-
cidence of secondary flowering is, therefore, a positive
effect.

r varieties as affected by ProCa (in 1998 and 1999 applied as
Italy).

Concentration 
(ppm)

Fruit  production 
(kg/tree)

Av. fruit weight 
(g)

Control 8.00 317
  50 x 4 7.90 338 ↑
100 x 4 8.50 342 ↑

Control n.d. 308
125 n.d. 322 ↑
125 x 2 n.d. 338 ↑
250 x 2 n.d. 362 ↑

Control n.d. 190
125+250 n.d. 193
125+250+250 n.d. 210 ↑

Control 9.73 277
  50 x 4 9.70 314 ↑
125 x 3 9.86 298 ↑

Control 13.30 280
  50 x 4 14.80↑ 293 ↑
125 x 3 13.80 303 ↑

Control 3.40 249
125 x 3 4.09 ↑ 242
125 x 4 5.04 ↑ 249

Control 23.09 252
  50 x 4 20.37 271 ↑
125 x 3 20.43 250

Control 10.33 172
125 x 3 10.18 176
125 x 4 11.28 ↑ 173

Control 14.49 260
  50 x 4 14.05 275 ↑

Control 9.2 144
  50 x 4 8.6 146
Europ.J.Hort.Sci. 6/2004



Rademacher et al.: Prohexadione-Ca in Apple and Pear Trees 227
Conclusions

The use of ProCa in pome fruits offers a range of ad-
vantages to the grower. Whereas application in apples
is without major obstacles, usage in pears is more dif-
ficult. In situations of high vigour (determined by cul-
tivar, rootstock and growing conditions), pears re-
quire relatively high dosages, which may lead to re-
ductions in return bloom. Additional detailed work is
needed to clarify how ProCa can be successfully used
in such situations.

Acknowledgements

The authors express their sincere thanks to a number
of colleagues, who have provided individual experi-
mental results. Part of the work has been supported by
the European Commission (QLK5-CT-1999-01583).

References

BASAK, A. and W. RADEMACHER 2000: Growth regula-
tion of pome and stone fruit trees by use of prohexa-
dione-Ca. Acta Hort. 514, 41–50.

BAZZI, C., C. MESSINA, L. TORTORETO, E. STEFANI, F.
BINI, A. BRUNELLI, C. ANDREOTTI, E. SABATINI, F.
SPINELLI, G. COSTA, S. HAUPTMANN, G. STAMMLER, S.
DOERR, J. MARR and W. RADEMACHER 2003: Control
of pathogen incidence in pome fruits and other hor-
ticultural crop plants with prohexadione-Ca. Europ.
J. Hort. Sci. 68, 108–114.

BOMBEN, C., G. VIZZOTTO and G. COSTA 1998: Con-
trollo della crescita vegetativa nel melo: una nuova
molecola, il prohexadione-calcio. Giornate Scienti-
fiche SOI, San Remo, 1–3 Aprile: 189–190.

BOMBEN, C. and G. VIZZOTTO 2000: Mezzi chimici per
il contenimento dello sviluppo vegetativo nel melo.
Giornate Scientifiche SOI, Sirmione, 28–30 Marzo:
537–538.

BYERS, R.E. and K.S. YODER 1999: Prohexadione-cal-
cium inhibits apple, but not peach, tree growth, but
has little influence on apple fruit thinning or quality.
HortScience 34, 1205–1209.

CORELLI GRAPPADELLI L., A.N. LAKSO and J.A. FLORE
1994: Early season patterns of carbohydrate partitio-
ning in exposed and shaded apple branches. J. Amer.
Soc. Hort. Sci. 119, 596–603.

COSTA, G., P.L. PISANI and A. RAMINA 1986: Il controllo
ormonale del ciclo della fruttificazione negli alberi da
frutto. Rivista di Ortoflorofrutticoltura Italiana 70, 5–
23.

COSTA, G., C. ANDREOTTI, E. SABATINI, A.M. BREGOLI,
C. BOMBEN and G. VIZZOTTO 2000: The effect of pro-
hexadione-Ca on tree growth and fireblight suppres-
sion in apple and pear. In: DUNAND, R. (ed.): Proceed-
ings of the 27th Annual Meeting of the Plant Growth
Regulation Society of America (PGRSA) 2000, PGRSA,
LaGrange, USA, 253–258.

COSTA, G., C. ANDREOTTI, F. BUCCHI, E. SABATINI, C.
BAZZI, S. MALAGUTI and W. RADEMACHER 2001: Pro-
hexadione-Ca (Apogee®): Growth regulation and re-
duced fire blight incidence in pear. HortScience 36,
931–933.
Europ.J.Hort.Sci. 6/2004
COSTA G., E. SABATINI, F. SPINELLI, C. ANDREOTTI, C.,
BOMBEN and G. VIZZOTTO 2004a: Two years of ap-
plication of prohexadione-Ca on apple: Effect on ve-
getative and cropping performance, fruit quality, re-
turn bloom and residual effect. Acta Hort. 653, 35–40.

COSTA, G., E. SABATINI, F. SPINELLI, C. ANDREOTTI, G.
SPADA and F. MAZZINI 2004b: Prohexadione-Ca con-
trols vegetative growth and cropping performance in
pear. Acta Hort. 653, 127–132.

ELFVING, D.C., D. SUGAR and D. FAUBION 2002: Pear
tree shoot growth patterns in relation to chemical con-
trol of vegetative growth with prohexadione-calcium
(Apogee®). Acta Hort. 596, 711–716.

ELFVING, D.C., G.A. LANG and B.B. VISSER 2003: Pro-
hexadione-Ca and ethephon reduce shoot growth and
increase flowering in young, vigorous sweet cherry
trees. HortScience 38, 293–298.

GREENE, D.W. 1999: Tree growth management and fruit
quality of apple trees treated with prohexadione-cal-
cium (BAS 125). HortScience 34, 1209–1212.

GUAK, S., D. NEILSEN and N.E. LOONEY 2001: Growth,
allocation of N and carbohydrates, and stomatal con-
ductance of greenhouse grown apple treated with pro-
hexadione-Ca and gibberellins. J. Hort. Sci. & Bio-
techn. 76, 746–752.

LAFER, G. 2003: Auswirkungen der Applikation ver-
schiedener Bioregulatoren auf die Ertragsleistung,
Fruchtqualität, Lagerfähigkeit und vegetative Ent-
wicklung der Apfelsorten ‘Elstar’ und ‘Gala’. Er-
werbsobstbau 45, 69–96. 

LAFER, G. and M. SCHRÖDER 2003: Was kann Regalis,
der neue Bioregulator im Apfelanbau? Besseres Obst
5, 6–11.

MILLER, S.S. 1988: Plant bioregulators in apple and pear
culture. Hort. Rev. 10, 309–401. 

MILLER, S.S. 2002: Prohexadione-calcium controls veg-
etative growth in apple. J. Tree Fruit Production 3, 11–
28. 

MILLER, S.S., G.M. GREENE and J.L. NORELLI 2002: Veg-
etative growth control and other effects from pro-
hexadione-calcium (APOGEE®) in apple. In: MAC-
KAY, W.A. (ed.): Proceedings of the 29th Annual Mee-
ting of the Plant Growth Regulation Society of Ame-
rica (PGRSA) 2002, PGRSA, LaGrange, USA, 72–79.

OWENS, C.L. and E. STOVER 1999: Vegetative growth
and flowering of young apple trees in response to pro-
hexadione-calcium. HortScience 34, 1194–1196.

RADEMACHER, W. 2000: Growth retardants: effects on
gibberellin biosynthesis and other metabolic path-
ways. Ann. Rev. Plant Physiol. Plant Mol. Biol. 51, 501–
531.

RADEMACHER, W. and R. KOBER 2003: Efficient use of
prohexadione-Ca in pome fruits. Europ. J. Hort. Sci.
68, 101–107.

RAMINA, A., C. GIULIVO and G. COSTA 1981: Effetti del
2-cloroetil-trimetilammonio cloruro (CCC) sull’ac-
crescimento dei frutti di pesco (1). In Atti del Con-
gresso su “I fitoregolatori in agricoltura”, Firenze, 26–
27 Novembre, 349–355.

REEDIJK, A. 1972: Resultaten van CCC-bespuitingen op
Beurré Hardy. Fruitteelt 62, 510–511.

SCHRÖDER, M., G. BAAB and J. ZIMMER 2003: Wuchs-
regulierung bei Apfel – Bioregulatoren Teil 2. Obst-
bau 5, 250–254.

SUGAR, D., D.C. ELFVING and E.A. MIELKE 2002: Ef-



228 Rademacher et al.: Prohexadione-Ca in Apple and Pear Trees
fects of prohexadione-calcium (Apogeetm) on blos-
soming, production, and fruit quality in pear. Acta
Hort. 596, 757–760.

TROMP, J. 2000: Flower-bud formation in pome fruits
as affected by fruit thinning. Plant Growth Regul. 31,
27–34.

UNRATH, C.R. 1999: Prohexadione-Ca: A promising
chemical for controlling vegetative growth of apples.
HortScience 34, 1197–1200. 
Received August 28, 2003  / Accepted July 5, 2004
Addresses of authors: Wilhelm Rademacher (corresponding au-
thor), BASF Agricultural Center, 67114 Limburgerhof, Germany,
Kick van Saarloos, BASF Nederland B.V., Postbus 1019, 6801 MC
Arnhem, The Netherlands, Jose Antonio Garuz Porte and Francesc
Riera Forcades, BASF Espanola S.A., Apartado de Correos 762,
08017 Barcelona, Spain, Yves Senechal, BASF Agro SAS, 14, che-
min du Prof. Deperet, 69160 Tassin la Demi-Lune, France and Car-
lo Andreotti, Francesco Spinelli, Emidio Sabatini and Guglielmo
Costa, D.C.A., University of Bologna, viale Fanin 46, 40127 Bolo-
gna, Italy, e-mail: wilhelm.rademacher@basf-ag.de.
Europ.J.Hort.Sci. 6/2004


	Impact of Prohexadione-Ca on the Vegetative and Reproductive Performance of Apple and Pear Trees 
	Summary
	Zusammenfassung
	Introduction
	Materials and Methods
	Results and Discussion
	Control of vegetative growth in apple 
	Effects on fruit yield and fruit quality parameters in apple
	Long-term effects on fruit production in apple 
	Control of vegetative growth in pear
	Effects on fruit yield and fruit quality parameters in pear
	Long-term effects on fruit production in pear
	Conclusions

	Acknowledgements
	References


