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ABSTRACT

Most of the Rosaceae fruit trees, such as apple, pear, plum, almond and cherry, exhibit full self-incompatibility. Therefore, their fruit
production completely depends on cross pollination. The ultimate pollen carrier in Rosaceae is the honey bee. In the present review,
different bee-hive management techniques for improving fruit set and yield are discussed. The main manipulations are of colony density
and the timing and number of colony introductions. In pear, it was found that increasing the density from 2.5 colonies ha™ to 5 colonies
ha™ in one introduction at 10% full bloom (FB), did not increase bee activity on the trees and did not improve fruit set and yield. However,
introducing the colonies sequentially (1.25 colonies ha™ at 10% FB and 1.25 colonies ha™ at FB) increased bee activity and consequently
improved fruit set and yield. In apple, the combination of both treatments: increasing the density to 2.5 colonies ha™ at 10% FB and a
second introduction of 2.5 colonies ha™ at FB, for a total of 5 colonies ha!, increased the number of bees tree’, their mobility between the
rows and the proportion of “topworkers” compared with “sideworkers”. As a result, fruit set and yield were enhanced. In Japanese plum,
highest bee activity, fruit set and yield, were achieved when colonies were introduced at four different times (multiple introductions).
Each introduction was of a density of 1.25 colonies ha™'at 10% FB, 50% FB, FB and FB+3 days (total of 5 colonies ha™'). For all three
species, there was a positive and statistically significant correlation between the average number of bees tree” and fruit set or yield. The

optimum number of bees tree” min™' at FB was 6-7 for pear, 7-8 for Japanese plum and 12-14 for apple.

Keywords: apple, colony, hive, honey bee, fruit set, pear, plum, pollination, yield
Abbreviations: FB, full bloom; HD, high density; MI, multiple introduction; MIHD, multiple introduction of high density; SI, sequen-

tial introduction; SIHD, sequential introduction of high density

Definitions: sideworkers: honey bees collecting nectar from the side of the flower, without contacting the anther and stigma; top-
workers: honey bees visiting the flower from the top, thus contacting the anther or stigma.
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INTRODUCTION

In Israel, Rosaceae fruit trees, such as apple (Malus do-
mestica), pear (Prunus communis), plum (Prunus salicina),
almond (Prunus dulcis) and cherry (Prunus avium) are
grown mostly in the relatively cooler northern regions.
However, the climate is sometimes not cold enough during
the winter, which leads to low chilling units, especially in
apple and cherry (Zur and Gur 2000; Naor et al. 2003). On
the other hand, in summer it is usually too warm, which is a
problem for the compatibility between rootstock and scion,
especially in pear (Gur 2000). As a result of these climate
conditions, the trees suffer from poor yields. Another
important problem that contributes to the low yields is
insufficient pollination and fertilization. Rosaceae carry the
S-RNase mediated gametophytic self-incompatibility (GSI)
system, which prevents self-fertilization (Schneider ez al.

2001a, 2001b; Beppu et al. 2002, 2003; Sapir et al. 2004;
Schneider er al. 2004; Zisovich et al. 2004a, 2004b; Ziso-
vich et al. 2005; Goldway et al. 2007a, 2007b). Rejection
occurs when pollen of the S-haplotype matches one of the
two S-loci in the pistil (Goldway ef al. 2007a). For example,
a pistil carrying an Sa-haplotype inhibits the growth of Sa-
pollen but not of pollen with other haplotypes (McCubbin
and Kao 2000).

Thus, an incompatible cultivar couple (both cultivars
having identical S-genotypes) does not set fruit, whereas
semi-compatible (both cultivars share one of the two S-
genotypes) or fully-compatible (the two cultivars carry
different S-genotypes) do set fruit. However, it was shown
that in sub-optimal conditions for pollination and fertiliza-
tion, the potency of cross-fertilization between semi-compa-
tible cultivars is lower than that of fully-compatible culti-
vars (Goldway et al. 1999; Schneider ef al. 2005; Goldway
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et al. 2007a, 2007b).

Self-incompatible plants wholly depend on the inten-
sive mobility of a pollen carrier between themselves and a
compatible cultivar that blooms at the same time (McGre-
gor 1976; Free 1993; Benedek 1996; Delaplane and Mayer
2000; Webster 2002).

Honey bees (Apis mellifera) are the most important
pollinators of these species due to their high demand for
pollen and nectar and their hairy body, which collects and
disperses the pollen (McGregor 1976; Free 1993; Benedek
1996; Soltesz 1996; Delaplane and Mayer 2000; Stern et al.
2001, 2004). In addition, honey bee hives contain 30-50
thousand bees and are easy to mobilize. However, other bee
species, such as Osmia cornuta (leafcutting bee) or Bombus
terrestris (bumblebee) may also prove to be efficient polli-
nators. O. cornuta is more active than honey bees in lower
temperatures (<15°C), makes better contact with the stigma
and visits the flowers more frequently (Vicens and Bosch
2000; Maccagnani et al. 2003; Monzon et al. 2004). B.
terrestris is also active at temperatures lower than 15°C
(Lundberg 1980; Corbet 1993; Calzoni and Speranza
1996), carries more pollen grains, visits more flowers
(Willmer et al. 1994), and deposits higher quantities of
more compatible pollen grains per stigma than honey bees
(Jacquemart et al. 2006). Nevertheless, both species are still
not used commercially for pollination in orchards (Mayer et
al. 1994; Mayer and Lunden 1997; Delaplane and Mayer
2000), and for the time being honey bees are the main pol-
linators.

Pome fruit, such as apple and pear, and stone fruit, such
as plum, almond, apricot and cherry, are usually grown in
temperate zones. Weather conditions during the blooming
period may be unfavourable for flight of pollinating insects.
Honey bees, in particular, are less active during cold,
cloudy, rainy, and windy weather (McGregor 1976; Free
1993; Benedek 1996). Cool temperatures also affect pollen-
tube growth and fertilization (Soltesz 1996; Westwood
1993). Consequently, low cross-pollination levels are usu-
ally one of the most yield-limiting factors (Dennis 1979;
Free 1993; Hoopingarner and Waller 1993; Westwood
1993; Soltesz 1996; Dennis 2003).

In all Rosaceae fruit trees, the honey bee often aban-
dons the target flowers in favor of flowers of fruit trees
such as Citrus (Free 1993) and lychee (Stern and Gazit
1996), or competing flora that is more attractive and more
rewarding for the honey bees (Free et al. 1960; Free and
Spencer-Booth 1963; Dennis 1979; Delaplane and Mayer
2000). Moreover, honey bees tend to restrict their mobility
to one row, which usually contains a single cultivar (Willi-
ams and Smith 1967; Eisikowitch et al. 1999).

In addition, the “effective pollination period” (EPP), i.e.
ovule longevity minus the time between pollination and

fertilization, is very short in apple and pear (Williams 1966).

In ‘Bartlet’ pear it could last only 1-2 days from anthesis at
9-10°C (Lombard et al. 1971), whereas in ‘Red-Delicious’
apple it could be even shorter (Dennis 1979, 1986). Thus,
although the stigma remains receptive for longer periods of
time, pollination needs to be accomplished in 1-2 days for
fertilization to occur before ovule degeneration. Therefore,
any technique that would increase the activity of bees and
their efficiency in cross-pollination should improve the
yield.

This review describes the application of some honey
bee management procedures aimed at improving yields,
which have been tested in three species of Rosaceae fruit
trees — pear and apple (from the pome group), and plum
(from the stone group).

PEAR (Pyrus communis)

Pear flowers are not attractive for honey bees (McGregor
1976; Mayer 1994; Mayer and Lunden 1997) due to the low
volume of nectar secreted from the flowers (3 pl or less)
and its low sugar concentration (<20% w/v) (McGregor
1976; Free 1993; Delaplane and Mayer 2000; Farkas ef al.
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2002), in contrast to higher sugar concentrations of cherry
(24%), peach (29%) and apple (46%) (Vansell 1946; Free
1993; Delaplane and Mayer 2000). Moreover, the amount
and quality of the nectar is highly variable since its pro-
duction is affected by weather conditions (Benedek et al.

2000). Yet, this low nectar attractiveness is partly compen-
sated by the abundance of pollen grains (1.2 mg flower™),

(McGregor 1976; Free 1993; Delaplane and Mayer 2000).

Furthermore, foragers that collect pollen collect fresh and
viable pollen, compared to “old” pollen that sticks to a fora-
ger that collects nectar (Kendall 1973; Klugness et al. 1983),
and carry more pollen grains on their body hair than nectar
collectors (Free and Williams 1972). Pollen-gatherers also
make better contact with the stigma, further increasing their
efficiency as pollinators (Vicens and Bosch 2000; Monzon
et al. 2004). As a result, pear trees need fewer bees for pol-
lination compared with apple or cherry (Delaplane and
Mayer 2000).

Mayer et al. (1990) stated that 10-15 bees tree” min™
are required for adequate pollination of pear. In the north-
west of the U.S. A, the recommended density of colonies for
pear orchard to reach this number of bees per tree ranges be-
tween a low dens1ty of one colony ha™ and a high density of
5 colonies ha™' (Humphry-Baker 1975; Levin 1986; Mayer
et al. 1986; Kevan 1988; Williams 1994 Scott- Dupree et al,
1995). In Israel, it is recommended to use 2.5 colonies ha™
(Dag et al. 2003).

The timing of colony introduction, in relation to the
stage of blooming, strongly influences the number of bees
that visit the trees. Many reports have shown that placing
hives in the orchard before the main blooming has taken
place, leads the bees to abandon the orchard in favour of
competing flowers in the vicinity, to which they establish
constancy (Mayer et al. 1986; Free 1993). Therefore, it was
recommended to delay the placement of bee colonies in pear
orchards until bloom reached 25-50% (Hamphry-Baker
1975; Kevan 1988). Although the introduction of colonies at
the right time exposes the bees to massive blooming in the
target orchard, still they tend to widen their forage area
gradually, and may even abandon the target orchard as a
result (Free et al. 1960). To overcome this problem, Al
Tikrity et al. (1972) suggested the introduction of additional
colonies at a later date, thus the new bees are attracted at
first to the pear flowers before discovering the competing
bloom. This sequential introduction was first tried in pear
orchards in Washington (Mayer 1994) and was found to
raise the number of bees in the orchard (although only for 1
day) and the consequent fruit set. The yields in this study
were not recorded. However in cranberry, Shimanuki et al.
(1967) found no advantage in placing honey bee colonies
before rather than during peak bloom.

Encouraged by the positive results from the preliminary
studies of Mayer (1994) in the temperate climate of Wa-
shington, Stern et al. (2004) established a large scale 4-year
experiment in the hot climate of Israel (ca. 38°C max with
<35% RH during the summer — May till October, and 2°C
min with annual precipitation of about 500 mm during the
winter — December till February). The aim of their study
was to evaluate the effect of doubling the density of colo-
nies from the recommended use of 2.5 ha™ to 5 colonies ha™
(high density treatment = HD) and of sequential introduce-
tion (SI) of colonies (half at 10% full bloom (FB) and half
at FB) with or without increasing density on honey bee acti-
vity and on their effectiveness as pollinators of ‘Spadona’,
the principle pear cultivar in Israel, and the consequences
for fruit set and yield.

They found that increasing colony density to 5 colonies
ha” (HD) usually did not improve bee activity and did not
increase pollination, fruit set and yield. However, introduce-
tion of new “naive” bees to the orchard at FB in the SI treat-
ment, increased bee activity and mobility between rows.
Since the second introduction in the SI treatment was at the
most important stage of the bloom, i.e. the peak a low colo-
ny density of a total of only 2.5 colonies ha™ was sufficient
for achieving agreeable fruit set.
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Further support for the effect of the SI treatment came
from analyzing the proportion of pear pollen pellets in
pollen traps placed at the colony entrance. The average
proportion of pear pollen pellets was significantly higher in
the SI treatment (35%) compared to the HD and control
(16%) treatments. Thus, the SI treatment increased the
colony’s relative allocation of pollen foragers to pear.

As a result of a general increase in bee activity and
mobility between rows, and specifically of pear pollen fora-
gers, fruit set and yield increased significantly, and some-
times also the number of seeds in the fruit increased, lead-
ing to larger fruit.

The s1gn1ﬁcant positive correlation between the number
of bees tree” and yield, indicates, as previously found in
five other pear cultivars (Stephen 1958), a strong relation-
ship between bee activity and yield.

However, whereas the usual recommendation in the
USA for optimum yield of mature pears is 10-15 bees tree’
min" (Mayer et al. 1990), Stern et al. (200 I) found in the
temperate climate of Israel that 6-7 bees tree” min™ sufficed.

It seems that the main reason for the relatively low bee
activity on pear is the competing blooms surrounding the
pear orchards in Israel. The pear blooming season in Israel
(March-April) is within the peak blooming season of wild
flowers (Zohary 1962), whereas in other countries with
temperate climates, which grow ‘Spadona’, the pear bloom-
ing season coincides with only the beginning of the flower-
ing of wild flowers. Thus, in Israel, a high proportion of
bees forage outside of the orchard in the open fields.

APPLE (Malus domestica)

Apples are more attractive to honey bees than pears, mainly
because of their nectar (McGregor 1976; Free 1993; Dela-
plane and Mayer 2000). Nectar concentration in apple flow-
ers is much higher than in pear flowers at the same time in
the morning hours (>45% and <20% in apple and pear, res-
pectively) (Vanzell 1946; Schneider et al. 2002; Zisovich
2003; Schneider ef al. 2004) and in some cultivars, espe-
cially those of the ‘Delicious’ cultivars, it is very easy to
collect (Dennis 1979, 1986, 2003; Schneider ef al. 2004).
However, although pollen collectors are better pollinators
than nectar collectors also in apple (Dag et al. 2005) the
pollination efficiency in apple is much lower than in pear,
which is especially attractive for bees that collect pollen
(Free 1993; Delaplane and Mayer 2000; Zisovich 2003).

In addition, the flower structure of some apple cultivars,
such as ‘Delicious’, reduce pollination efficiency. On these
flowers there are gaps at the base of the stamens that enable
“sideworking” honey bees to obtain nectar without contact-
ing the anthers and stigmas of the blossom (Roberts 1945).
Robinson (1979) found that the gap that facilitates “side-
working” in ‘Delicious’ was considerably greater than in
other cultivars. As a result, this cultivar is particularly sus-
ceptible to “sideworking”. This has since been confirmed
by Dennis (1979), Robinson (1979), Kuhn and Ambrose
(1982), Mayer (1984), DeGrandi-Hoffman et al. (1985),
Free (1993) Westwood (1993), Tomson and Goodell (2001)
and Schneider et al. (2002, 2004). As a result, the pollina-
tion rate in ‘Delicious’ apple is particularly low compared
with other cultivars.

Robinson and Fell (1981) found that after a single
honey bee visit to a ‘Delicious’ flower, fruit-set was 8%
when the visit was by a “sideworker”, compared to 50%
when the visit was by a “topworker”. Collecting nectar
from the side, without touching the anthers and stigmas, is
very convenient for the bee, but requires time to learn
(DeGrandi-Hoffman et al. 1985).

Schneider ef al. (2004) found that ‘Golden Delicious’
also has wide gaps at the base of the stamens. However,
more than double the number of “topworkers” were found
in ‘Golden Delicious’ compared to ‘Delicious’, due to the
wider diameter of the stamens filament spread of ‘Golden
Delicious’ flowers. This facilitates nectar collection from
the top and thus increases pollination effectiveness, leading
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Fig. 1 Effect of sequential introduction (SI) of colonies on the average
number of bees per tree (A), mobility between rows (B) and
proportion of “topworkers” (C) during the flowering period of
‘Delicious’ apple. Both treatments had a total of 2.5 colonies per ha (the
SI treatment started with 1.25 colonies per ha). * = Separation between
treatment means on each day by Duncan’s new multiple range test, P =
0.05. (Reproduced from Stern et al. (2001) Journal of Horticultural
Science and Biotechnology 76, 17-23, with kind permission).

to higher fruit set and yield compared to ‘Delicious’.

To overcome the low efficiency pollination of ‘Dehc1—
ous’, Mayer et al. (1986) stated that 20-25 bees tree” min™
are requlred for adequate pollination of ‘Delicious’ apple
compared to only 10-15 bees for pollination of pear (Mayer
et al. 1990). For such high bee activity, it is recommended
in the USA, to place colomes containing 4-6 brood combs at
a density of 2.5 colonies ha in apple orchards (Mayer ef al.
1986; Hoopingarner and Waller 1993) In Israel it is recom-
mended to use 2.5 colonies ha” with seven brood combs
(Ben-Porat ef al. 1997; Dag et al. 1999, 2003). However the
yields were still low, especially of ‘Delicious’ apple.

Encouraged by the positive results from the preliminary
studies on pears, Stern et al. (2001) established a large scale
4-year experiment in Israel. As was previously examined on
pear, the aim of this study was to evaluate the effects of
doubling the density of colonies and of sequential
introduction of colonies (with or without increasing density)
on honey bee activity and on their effectiveness as pollina-
tors and the consequences for fruit set and yield. The experi-
ments were carried out with ‘Delicious’, the principle apple
cultivar in Israel.

As in pears, it was found that sequential bee hive
introduction (SI), even in low ratio of 2.5 colonies ha
improved the number of bees tree” and their moblhty
between the rows (Fig. 1A, 1B). Furthermore, although
there were just half the number of colonies in the SI treat-
ment compared to the control at the beginning of the bloom-
ing period, there was no difference in bee foraging activity
level between both treatments, probably because there were
still only few open flowers at that stage. In addition, the
proportion of “topworkers” was considerably higher in SI
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Fig. 2 Effect of sequential introduction of high density colonies
(SIHD) on the average number of bees per tree (A) mobility between
rows (B) and proportion of “topworkers” (C) during the flowering
period of ‘Delicious’ apple. The SIHD treatment had 5.0 colonies per ha
(initially, 2.5 colonies per ha) and the control had 2.5 colonies per ha. * =
Separation between treatment means on each day by Duncan’s new
multiple range test, P = 0.05. (Reproduced from Stern et al. (2001)
Journal of Horticultural Science and Biotechnology 76, 17-23, with kind
permission).

compared to the control treatment (Fig. 1C). These effects
were observed during only 2 days of FB, but led to in-
creased cross-pollination and apple pollen collection (as-
sessed with pollen traps), and resulted in greater fruit set
and yield (by 50-80%).

It should be noted that in contrast to pear, in which the
high density (HD) treatment of 5.0 colonies ha" was not
effective, in apple both HD and SI treatments conferred
similar frult set enhancement. In both pear and apple, the SI

treatment was effective with only a total of 2.5 colonies ha™.

Following the observation that doubling the colony
density and sequential introduction of colonies increased
bee pollination activity a treatment that combined the two
techniques was applied. It was assumed that better
pollination efficiency could be achieved by extending the
effect of the treatments on bee activity for longer than just 2
days (Stern et al. 2001). Indeed, the combination of the two
treatments (SIHD = Sequential Introduction of High Den-
sity colonies) significantly increased bee activity in trees,
and their mobility between the rows from the second

introduction at FB until the end of the blooming period (Fig.

2). There was a strong positive correlation between these
two parameters (R’ 0.90) as found also in avocado
(Vitanage 1990; Ish-Am and Eisikowitch 1998) and almond
(Eisikowitch 1999). The SIHD treatment also enhanced the
bees’ efficiency as pollinators by considerably increasing
the proportion of “topworkers”. The high proportion of
“topworkers” soon after the introduction of new colonies is
explained by the fact that “sideworking” is a learned
behaviour that most naive bees have not acquired.
DeGrandi-Hoffman et al. (1985) stated that the percentage
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of sideworking honey bees steadily increased from 21% on
the first day of ‘Delicious’ bloom to 60% on the fifth day.
This change in behaviour seems to be due to “sideworkers”
spending less time than “topworkers” in reaching the nectar-
ries (Robinson 1979).

The combined effects of the STHD treatment in the Stern
et al. (2001) study, resulted in almost double the fruit set
compared to the control. There was a positive correlation
between the average number of bees tree ! and fruit set and
yield. They proposed 12-14 bees tree” min™ at FB for opti-
mum yield. At these numbers there are enough bees which
working as a “topworker” and moving from row to row.

In summary, we can conclude from the experiments 1n
‘Delicious’ apple, that: 1) A large number of foragers tree”
increases the pollination level. 2) High bee mobility
between rows increases the cross-pollination level, and 3) A
high proportion of “topworkers” increases pollination effici-
ency. All these factors were expressed in higher fruit set and
yields (by 50-100%). Thus, it is recommended to introduce
the colonies sequentially (half at 10% FB and half at FB) at
a ﬁnal ratlo of 5 colonies ha™ in order to reach 12-14 bees

tree”’ min™' at FB.

JAPANESE PLUM (Prunus salicina)

The main reason for low fertility of Japanese plum in the
Mediterranean region and especially in Israel is the very
early bloom, from mid February until mid March. During
this period it is usually cold, windy and rainy. This climate
is unfavourable for bee flight, pollination, pollen-tube
growth and fertilization (McGregor 1976; Free 1993; West-
wood 1993; Benedek 1996; Delaplane and Mayer 2000).
Still, the recommended density of colonies for plum orchard
is not always high, and ranges between 2.5 (McGregor
1976; Crane and Walker 1984 Kevan 1988; Scott-Dupree et
al. 1995) and 5 colonies ha (Standlfer and McGregor 1977,

Mayer et al. 1986). Yet, the activity of bees in the orchard is
not satisfactory (Mayer et al. 1986), leading to low yields.
Another obstacle is that Japanese plum cultivars do not
flower synchronously. The early flowering cultivars bloom
in mid February, whereas the late ones bloom in the end of
April (Westwood 1993).

The ‘Black-Diamond’® cultivar which was bred by Sun-
World Corp. and registered also as Suplumeleven™, has be-
come, in the last decade, one of the most important plum
cultivars in Israel, Europe and the USA. In our effort to find
suitable pollenizers for ‘Black-Diamond’, with overlapping
flowering, we found only semi-compatible cultivars, one of
which is ‘Angeleno’ (Sapir et al. unpublished). In addition,
‘Black-Diamond’ and ‘Angeleno’ bloom during the first half
of March, when climate conditions are unfavourable (see
above). Therefore, the possibility of pollen deficiency is
very high, and also in this case it was proposed by Mayer et
al. (1986) and Standifer and McGregor (1977) to enhance
bee activity in order to increase yield. The treatment applied
was a combination of multiple introductions (every 2-3
days) and a high density of colonies (Sapir et al. unpub-
lished).

At the beginning of this study it was found that SI of
colonies at a low rate of 1.25 + 1.25 colonies ha™ (at 10%
FB and at FB), compared to the control treatment of the
same density but with one introduction at 10% FB, s1gm-
ﬁcantly enhanced bee activity, from 5.7 to 8.1 bees tree’!
min~. Consequently, fruit set increased from 8.5 to 14.1%,
and yleld increased from 64 to 84 kg tree”. The results of
the SI treatment were similar to those of a high density
treatment of 5 colonies ha™', but with only half the number
of colonies.

Following these findings Sapir et al. (unpublished data)
tried to combine the SI treatment with HD treatment (SIHD?
to test whether HD with a final total of 5 colonies ha’
(SIHD) confers a further advantage to sequentlal introduce-
tion with a final total of only 2.5 colonies ha™ (SI=control).
They also tested whether four multiple 1ntr0duct10ns every
two-three days, with a total of 5 colonies ha™! (MIHD) is
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Fig. 3 Effect of sequential introduction of high density colonies
(SIHD) and multiple introduction of high density colonies (MIHD),
on the average number of bees tree” min” during the flowering peri-
od of ‘Black-Diamond’® Japanese plum. The SI (control) treatment
had 1.25 colonies ha™ at 10% FB and 1.25 colonies ha™ at FB (total of 2.5
colonies ha™). The SIHD treatment had 2.5 colonies ha™ at 10% FB and
2.5 colonies ha at FB (total of 5 colonies ha™). The MIHD treatment had
1.25 colonies ha™ at each of four introductions — 10% FB, 50% FB, FB
and FB + 3 days (total of 5 colonies ha™).

* Separation between treatment means (MIHD versus SI and SIHD) in
each day by Duncan’s new multiple range test, P = 0.05.

R°=064" Plum: 2003-2006

10

Bees tree’' min”

Fig. 4 Relationship between the average number of honey bees tree”
and the percentage of initial fruit set six weeks after FB in all treat-
ments (3 treatment year™ X 4 years — 2003-2006). In 2005, one record
(MI) was not included due to a heavy yield that demanded strong thin-
ning. * Significant at P = 0.05.

better than the SI treatment (only two introductions, for a
total of 2.5 colonies ha™).

They found that the MIHD treatment, combining se-
quential introduction with high colony dens1ty, increased
dramatically the number of bees tree’ (Fig. 3). This high
bee activity was observed especially during the first half of
the flowering period (March 1-2), which included the two
days following the second introduction, just prior to FB,
until the “winter climate” began (March 3). This combined
treatment (MIHD) significantly increased fruit set (20%) of
‘Black Diamond’ similarly the fruit set of the adjacent culti-
var ‘Angeleno’ was also significantly increased by 36%.

Combining the 4 years of the study, there is a strong
positive correlation between the average number of honey
bees tree” min™' and initial fruit set (Fig. 4). Higher percent-
tage of fruit set led to higher ylelds Since 20% fruit set led
to the optimum yleld of 70 kg tree”' we can conclude that at
least 7-8 bees tree” are required to achieve high yields in
Japanese plum.

CONCLUDING REMARKS

We found a significant positive correlation in pear, apple
and Japanese plum, between the number of bees tree”’ and
fruit set percentage; high fruit set percentage leads to high
yields. Hence, honey bees are very important for improving
cross-pollination, especially in species with self-incompa-
tible cultivars, and especially when only semi-compatible
cultivars are present.
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However, for each species there is a different optimum
of bee number in order to reach maximum yield. In pear
it is 6-7 bees tree”’ min™, in Japanese plum 7-8 bees tree”
min” and in apple 12-14 bees tree” min ! (Fig. 5). It seems
that the number of bees required is affected by the attract-
tiveness of the flower, pollination efficiency, genetic compa-
tibility between cultivars and more.

In order to achieve these numbers of bees the colonies
have to be managed properly. In all cases it was found that
to get the best efficiency the colonies had to be introduced
sequentially — 2 times along the blooming period in pear
and apple and even 4 times in Japanese plum. Based on the
US and Israeli experience, for areas with similar climates
(e.g., Australia, South Africa, and southern Europe) we
strongly recommend multiple introductions for all Rosaceae
species, since these introduce naive bees to the orchard
every 2-3 days, thus improving bee activity level on the tar-
get trees and pollination efficiency. Consequently fruit set
and yields increase.

The combination of this technique together with the
total number of colonies, are very important and have to be
learned for each species. To conclude, sequential intro-
duction instead of a single introduction at the beginning of
flowering, can improve pollination efficiency with a reduc-
tion in bee hive costs.

pear

P

plum apple

Yield

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Bees tree”! min’'

Fig. 5 Schematic relationship found between the average number of
honey bees tree” and the optimal yield in each of the three crops —
pear, plum and apple.
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