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Summary: The effect of the partial and/or complete limitation of the insect (bee) pollination period was studied in three consecutive years
at 6 quince cultivars. Quince is greatly sensitive Lo the limitation. Complete limitation of insect pollination resulted in no yield and also a
partial limitation of the insect pollination period (exclusion of the bees at the first or at the second half of the blooming) depressed the final
set and the yield by 60-70% at least or more, sometimes down to no yield. No real correlation was found between the mean mass of fruits
and the fruit set. The mass of fruit seems 1o be rather a character of the cultivars. A loose but significant correlation was established between
the intensity of honeybee visitation and the consequent yield ol quince. As much as some 4-5 and 810 honeybee visits are needed a day
on one flower to achieve the required optimal fruit set that has been declared to be 20-25% for quince in the literature. These arc extremely
high bee visitation figures, accordingly, no doubt the commercial quince plantations require much higher number of honeybee colonies than
other temperate zone fruit tree species to supplementary pollination

Introduction

Quince is a far less important fruit tree species than apple
or pear. lts growing area ranges first of all to more Southern
latitudes and it is cultivated at much less acreage. For this
reason very little attention has been paid so far to understand
its pollinating requirements. There are (wo separate
questions in this respect. The first is whether the fruit tree
species itself or its cultivars are selt compatible that is they
can or cannot be pollinated with their own pollen or they are
self incompatible and so they need foreign pollen from other
cultivars 1o set fruit? The second question is what is the role
of the flower visiting insects in the pollination of the
flowers? This question should be put because the maturation
of the female and the male sexual organs do not overlap in
fruit tree flowers. Anther dehiscence takes place carlier than
the stigma becomes receptive within individual flowers and

this mechanism usually prevents the automatic self

pollination within the same flower. Nyéki (1996) has
reviewed the world literature on the pollinating requirements
of quince and concluded that some quince cultivars were
highly sell-sterile, other ones were party and some of them
were almost completely sclf-sterile. Thus, the first question
can be replied.

As far as the second question is concerned he expresses

the opinion that at least as much as 20-25% of the quince
flowers have to set fruit to achieve a satisfactory yield
because the flower density of quince is much lower than that
of other temperate zone fruit tree species. The required set is
some 2-2.5 times higher than for apple and pear. On the
basis of this statement it seems to be clear that quince needs
insect pollination as it has been indicated earlier by
McGregor (1976).

Simidchiev (1967) has stated that quince was very
attractive to honeybees because flowering quince trees were
abundantly visited by them. Benedek, Szabd & Nyéki (2000)
also observed intense bee visitation at quince but their
experimental arca was highly overpopulated with honeybee
colonies. They concluded that the bee visitation was greatly
variable but the weather and the nectar production of flowers
affected definitely the bee visitation and the foraging
behaviour of honeybees at quince flowers. For the variable
nature of bee activity they concluded that supplementary bee
pollination seems to be indispensable in quince orchards to
achieve the required high fruit sct. 3

So there are several indications towards the necessity of
insect pollination of quince but no experimental evidence
has been available so far on the effect of insect pollination on
the fruit set and the yield of that (Benedek, 1996).
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Accordingly, we have decided to study this problem.
Experiments were carried out to explore the effect of the
partial and the total limitation of insect pollination period on
the fruit set and the yield of quince.

Mat:'\c'rial and methods

The experiment was carried out at a 1 ha large quince
orchard consisting of 15—18 years old trees of a number of
cultivars. Six cultivars were selected for observations
(Angersi, Bereezki, Bereczki bitermd, Champion, Konstanti-
ndpolyi, Mezoniri). The quince plantation belonged to the
Fruit Research Station Ujfehérto (Eastern Hungary). It was
surrounded by a number of other fruit tree plantations of
different temperate zone [ruit tree species, first of all of
apple, but for the late flowering time of quince nothing else
but some late sour cherry cultivars were in flower (at the
very end of their blooming period) at the first part ol the
blooming period ol quince. 4-5 strong bee colonies were
moved to the quince plantation prior to its flowering had
begun in each year of the rescarch. Also some 30-40 bee
colonies were placed at the necarby at the sour cherry
plantation mentioned that was 20 ha large. As a result of this
the area was well overpopulated with honeybees.

The experiment was repeated in 3 consecutive years, in
1997, 1998 and 1999. Two trees were selected for
observation of cach of the six cultivars inspected. One with
some 50 flowers at the Northern and another at the Southern
side of each tree were sclected for treatments and
measurements. Treatments were applied at both sides of
cach tree on the selected branches as follows: (1) 0% open
(caged) = total limitation of bee pollination, caged with
muslin bags during the whole blooming period, (2)
S0%open, first = partial limitation, free pollination in the
first half of the blooming and caged alterwards with bags of
parchment paper, (3) 50% open. second = partial limitation,
caged at the first half of the blooming and free pollination
afterwards, (4) 100% open = free pollination, no caging.
Accordingly. four replicates were applied to each treatment
to each ol the cultivars investigated (two branches at two
trees of cach cultivar).

Fruit set was measured three times. The primary set was
counted immediately after the petal fall. The counting was
replicated after the first drop of fruits and final set was
counted late July or early August. Finally. the number of
fruits was counted at the time of the harvest. Each fruit on
the experimental branches were measured one by one in
1998 and 1999 to calculate their mean mass and also the
total yield (g) of the treatments.

Weather conditions during the blooming period ol quince
were also observed. The weather was [airly good (o bee
activity in all the three years of the study. however, it was
more or less different in the consccutive years.

In 1997: The weather was fairly hot all along the
blooming period of quince. Except the first two days of the
flowering the daily mean temperatures were around 20 °C
and the daily maximums rose up to 30-40 °C. There was

very little, practically no rain and it was bright and sunny all
along the blooming period of quince.

In 1998: The weather was warm but no so hot as in the
previous year. Daily mean temperatures were around 10 or
20 °C and the daily maximums did not surpassed 30 °C
except on three days just after the first half of the blooming
period. There were three rainy days at the fist quarter of the
blooming with fairly good amount of precipitation. It was
fairly sunny except some few days at the middle of the
blooming period.

In 1999 The weather was warm too but both the daily
mean and the daily maximum temperatures remained at a bit
lower level than in the previous year. There were few rainy
days and no more than one day produced great amount of
precipitation in the first quarter and one other day at the very
end of the flowering. The weather was usually sunny but
there were somewhat less sunny hours at the middle of the
flowering.

Honeybee visitation of the trees selected for the
cxperimental treatments was also measured on 3 1o 5 days of
the blooming period (when the weather was lavourable 1o
bee activity). Branches with some 50 flowers were inspected
twice a day. late morning (10-12h) and early alternoon
(13=15h) for exactly 10 minutes of time cach occasion. The
mean figures calculated from the bee counts are used in the
paper but the detailed results of that have been reported in
one another paper (Benedek, Szabd & Nyeéki, 2000).

Results

1977: Free pollination resulted in a fairly high fruit sel
(Table 1). It was the highest in Mezoniri (44.1%) and the
lowest in Konstantindpolyi (11.5%). Complete exclusion of
bees resulted no fruit set at all at any of the 6 cultivars
investigated (Tuble 1). The fruit drop was very low at 5 of the
cultivars but it was high at a single variety (Bereczki). The
set of open flowers was very different of the cultivars. It was
low for four cvs (Konstantindpolyi, Champion, Angersi,
Bereczki) and very high for two ones (Bereczki bétermd,
Angersi). Results for the two groups (low and high) were
different significantly (p< 0.01) but no significant difference
was found within the groups. Partial limitation of the bee
pollination period (caging at the first or at the second half of
the blooming period) drastically affected the set of fruits.
Exclusion of bees at the second half of the blooming period
(50% second) was resulted in stronger effect at most of the
cultivars and it was so strong at some instances that no set
and yield detected (at 2 cvs ol the six ones) but at two
occasions the exclusion of bees at the first half of the
blooming (50% first) was the strongest. There was one
cultivar (Champion) that gave no yield when the bees were
excluded in the first or the second half of the blooming
period. In fact. the reduction of the fruit set was very strong
for the limitation of the insect pollination period at most of
the six cultivars but no reduction was detected at a single cvs
(Angersi) when the bees were excluded at the first half of the
blooming (Table T).
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Table I Fruit set and yicld of quince as alfecied by the effective duration of the inseet pollination period (Ujlehérto, 1997)

Cultivar Elfective duration of Primary sel Set after Final set No of fruits from
the inscet pollination immediately after the first drop (per cent) 100 Towers
during the blooming petal fall (n=4) ol Truit (n=4) (n=4) (n=4)

period

Agersi (1) O%open (caged) 0 0] 0 0]

(2) 50%0pen (first) 27.0£8.9 19.9£6.3 19.9+6.3 15.8+4.1
(3) 50%0pen (smecond) 1.7£1.7 1.7£1.7 L7+17 L7017
(4) 100%0pen 17.946.9 14.9+7.1 14.9£7.1 14.9+7.1

Bereerki (1) O%open (caged) 0] 0 0 1]

(2) 50%apen (lirst) 2:323.3 0 0 i}

(3) 50%0pen (sceond) 4444 29429 29429 29429

(4) 100%open 46.7+7.8 17.0£3.6 16.6+3.3 16.6£3.3
Bereeski (1) O%open (caged) 0 0 0 0
hitermi (2) 50%open (first) 7.543.6 6427 6.4+2.7 6,427

(3) 50%u0pen (seeond) 14.4£5.6 45430 4.5430 3.1x3.1

(4) 100%0pen 47.7+5.0 375231 37.5+3.1 36931
Champion (1) O%upen (caged) ¥l () 1) ¥l

(2) 50%open (first) 0 1] () 0

(3) S0%upen (second) () ) 0 [}]

(4) 100%0pen 15.324.2 13.7+4.2 13.7+4.2 13.7+4.2
Konstanting- (1) O%open (caged) 0 0 ] 0
pulyi (2) 50%wpen (first) 12512 1.2 %1,2 1.2%1.2 1.2%12

(3) S0%open (second) 1] () () i

(4) 100%apen 10.7£5.2 11.5£3,4 11.5£3.4 115234
Mezditari (1) D%open (caged) 0 ] 0 V]

(2) 50%open (first) 4.1£2.6 2.7+1,6 2.7«1.6 2.7x1.6

(3) S0%pen (second) 20058 17.4+6.1 17.416.1 15.8+4.7

(4) 100%open 50.4+8.3 44.1£7.2 44.1£7.2 44,1472

Explanation:

(1): 0% open (caged) = caged during the whole blooming

(2): 50% open (first) = open in the fist half, caged during the second half of blooming
(3): 50% open (second) = caged in the First hall, open during the second hall of blooming

(4): 100% open = no caging, open pollination

1998: Fruit set from free pollination was the highest in
Angersi (17.4%) and the lowest in Bereczki bitermd (2.6%).
Complete limitation of bee pollination was resulted in no
yield and free pollination also produced smaller set than in
the previous year (Table 2) except at one cvs (Angersi) the
set of that was a bit higher. Partial limitation of the bee
pollination period both at the first and the second half of the
blooming period completely prevented the fruit set at many
cases (at 4 cvs of the 6 ones) or was resulted in a very small
set compared to the open pollination (2 cvs of the 6 ones).
The exclusion of the bees in the first half of the pollination
period reduced the set at a much greater extent than the
exclusion in the second hall (Table 2). Also the yield (mass
of fruits set at 50 flowers) reflected the differences found in
the final fruit set (Table 4). Much stronger fruit drop was

detected between the initial and the final fruit set in case of

some cultivars (Konstantindpolyi, Champion) than of others
(Tuble 2). No relationship was detected between the [ruit set
(%) and the mean mass of individual fruits (Table 2). The
mean mass of fruits was negatively_correlated to the final set
at the branches, because fruits were smaller as the set was
greater (r=-0.57, p< 0.1, n=9).

1999: Final fruit set at free pollination was as moderate
as in the previous year (Tuble 3). That was the greatest of
Bereczki botermd (15.8%) and the smallest of Bereczki
(1.9%). Complete limitation of insect pollination gave no
yicld at all at any of the cultivars (Tuble 3). Also the
exclusion of bees during the first half of the blooming period
(50% first) was of a detrimental effect on the fruit set but the
limitation of the bee pollination in the second half of the
flowering was resulted in some yield at most cases. The final
set, however, was not more than some 1/3 of the same for
open pollination at any of the cultivars inspected (Table 3).
There were few cultivars only the effect of the limitation of
the bee pollination period in the first and the second part of
blooming can be compared to each other. The effect was
stronger at all the four cases when the bees were excluded
during the first half of the flowering (Table 3).

The yield on the branches investigated was completely
preportional with the final fruit set (Table 4). The cdeflicient
of correlation between the fruit set and the mean mass of
fruits was not significant at all (r = -0.025, p< 0.9, n = 9).
Thus the mean mass of the fruits did not show any
relationship to the fruit set. It seemed to be rather different at
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Table 2 Fruit set and yield of quince as alfected by the effective duration of the insect

pollination period (Ujfchértd, 1998)

Cultivar Effective duration of Primary scl Set after Final set No of fruits from Mass of a

the inscet pollination immediately after the first drop (per cent) 100 Mowers single fruit

during the blooming petal fall (n=4) ol fruil (n=4) (n=4) (n=4) (g)

period

Agersi (1) 0% open (caged) 7.5+£2.6 0 0 0 -

(2) 50% open (first) 12.3+5.7 5.5£32 1.5£1.5 1:5%1:5 152 (n=1)

(3) 50% open (second) 123443 9.2+8.1 5.7+2.0 5.7+£2.0 *

(4) 100% open V.64 .6 26.445.0 17.4+0.4 17.40.4 14148 (n=43)
Berecrki (1) 0% open (caged) 0 0 0 0 =

(2) 50% open (first) 1.8+1.8 1.8+1.8 18218 1.8x1.8 245 (n=1)

(3) 509 vpen (sceond) 3.2+2.1 32:2.1 23123 23223 278 (n=1)

(<h) 100% open 14.0+0.2 6.0£3.5 6.0+3.5 6,0+£3.5 282423 (n=Y)
Bereczki (1) 0% open (caged) 0 0 0 0 -
hiterma (2) 50% open (first) 0 1] 0 () -

(3) 50% open (second) 1] il 0 0 =

(4) 100% open 3916 26114 2.6+14 6254296 359432 (n=6)
Champion | (1) 0% open (caged) 33133 0 0 0 =

(2) 50% open (first) 4.8+4.8 ) 0 0 -

(3) 50% open (second) 4126 0 0 0 -

(4) 100% open 23.0+8.0 7034 6.5£3.6 6.5+£3.6 211226 (n=Y)
Konstanti- | (1) 0% open (caged) 25225 (4] 0 0 -
napolyi (2) 50% open (first) 0 i} 0 0 -

(3) 50% open (sceond) 1.5+1.5 0 0 0 =

(4) 100% open 14.320.9 9.0+1.5 4.5+1.5 4.5+1.5 137+14 (n=13)
Mezduiri (1) 0% open (caged) 1:5%£1.5 0 0 1] -

(2) 50% open (first) 3.043.0 1.5£1.5 0 0 -

(3) 50% open (second) 6.7+0.6 5118 0 (1] -

(4) 100% apen 14,070 14.0+£7.0 13.346.1 13.3+6.1 85+18 (n=28)

Explanation:

(1): 0% open (caged) = caged during the whole blooming

(2): 50%open (first) = open in the fist half, caged during the second hall of hlooming
(3): 50%open (second) = caged in the first hall, open during the second hall of hlooming

(4): 100%open = no caging, open pollination
* = destroyed

the cultivars than for the extent (per cent value) of the final
set (Tuble 3).

Relationship between the honeybee activity and the
Jruit set: Mcan numbers of honeybees visiting 50 opening
flowers at the cultivars and the average numbers of flowers
visited by them at the branches were related to the mean
figures of the initial and the final fruit set at the open
pollinated branches of the same cultivars. Bee visitation
figures were taken from one another paper reporting on the
activity of honeybees at quince flowers as observed at the
same plantation and at the same time when the bagging
experiment were made (Benedek, Szabo & Nyvéki, 2000). All
the mean figures from the three years of the experiment were
treated together. There was a positive but loose correlation
between the number of honeybee visits and the fruit set
(Table 5). The correlation was somewhalt better expressed for
the initial than for the final sct showing that the latter was
also affected by a number of factors other than the honeybee
visits at the flowers of the trees at the blooming period only.
The correlation between the fruit set and number of flowers

visited by bees at the branches during the flowering period
was even less well expressed than with the number of
honeybees visiting the branches (Tuble 5).

Discussion and conclusions

Results clearly show that quince is greatly sensitive to
the limitation of the insect pollination period (this is valid to
all the 6 cultivars tested). It is much more sensitive to that
than some other important temperate zone [ruit tree species,
apple, pear, sour cherry and plum (c.[. Benedek & Nyéki.
1996a. 1996b. Benedek et al., 2000). Accordingly, our result
has clearly proved the earlier believes of McGregor (1976)
who has supposed that bee activity was important at quince
to set fruit. No doubt any more that the inscct pollination,
first of all the activity of honeybees on quince flowers, is
absolutely indispensable to he fruit set. Complete limitation
of the bee pollination was resulted in no yield and also the
partial limitation of the insect pollination period was
detrimental because the final set and the yield was depressed

J————y
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Table 3 Fruit set and yicld of quince as affected by the effective duration of the inseet pollination period (Ujlehénto, 1999)

Cultivar Effective duration of Primary sct Set alter Final set No ol fruits from Mass of a

the insect pollination immediately alter the first drop (per cent) 100 owers single fruit

during the blooming petal full (n=4) ol fruit (n=4) (n=4) (n=4) (g)

period

Agersi (2) 50% open (lirst) 0 t] 0 0 -

(3) 50% open (second) 0 0 0 0 -

(4) 100% open 14.85£3.73 13.8+3.21 13.442.72 12.85+2.3 23410 (n=24)
Bereerki (1) 0% open (caged) 0 0 0 0 -

(2) 504 open (first) 0 () 0 0 -

(3) 50%% open (sceond) 0 0 0 0 -

(4) 100% open 4,74+2.23 1.87+1.08 1.87+1.08 1.87+1.08 459x11 (n=4)
Berecrki (1) 0% open (caged) 0 0 0 [} -
hiterma (2) 50% open (first) 11.5+4.72 3.85+£2.0 38520 385220 167+£23 (n=2)

(3) 50% open (second) 12.8+£2.063 6.08+£3.52 G.O8+3.52 6.08+3.52 245248 (n=4)

(4) 100% vpen 21.02.77 15:82+3.19 15.82+3.19 15.82+3.19 215210 (n=32)
Champion (1) 0% open (caged) 0 i} 0 1]

(2) 50% open (first) 3.33+x3.33 0 0 1] -

(3) 50% open (second) 50+2.18 3.7242 51 3.7242.51 3.7242.51 *

(4) 100% open 159212 .44 12421274 12.42+2.74 12.42+2.74 *
Konstanti- | (1) 0% open (caged) 1.05£1.05 0 0 0 -
napolyi (2) 504 vpen (lirst) 1474147 1] 0 - =

(3) 509 open (second) 3.25+3.25 3.25+3.25 3.2543.25 3.25+3.25 16317 (n=3)

(4) 100% open 12.2£2.92 10,7343 64 10.25+1.5 10.25+1.5 187+7 (n=20)
Mezitar (1) 0% open (caged) 247118 {0 0 1] -

(2) 50% open (first) 0 0 [}l () -

(3) 50% open (second) 6.535x2.95 417145 297174 297+1.74 17550 (n=2)

(4) 100% open 13.5£5.32 13.5+5.32 10.7£4.07 10.7+4.07 16411 (n=21)
Explanation:

(1): 0% open (caged) = caged during the whole blooming

(2): 50% vpen (first) = open in the fist hall, caged during the second hall of blooming
(3): 509 open (second) = caged in the first half, open during the second hall of hlooming,

* = destroyed

by at least 60-70% or more, sometimes down to 100% (no
yield) (Tables 1-3). So intensive bee visitation is vitally
important during the whole blooming period of quince.
Mean mass of fruits seemed to be negatively correlated
to the fruit set in onc year but no reliable relationship
between the set and the fruit weight was established in the
other year. So, the mean weight of fruits seemed to be rather
a variety character than the result of the extent of the fruit
set. The significant relationship observed in one of the years,
however, showed that this relationship also could oceur,
probably first of all in those years when the per cent ratio of
the fruit set was greater than in the two years when it has
been observed in this study. At most of the cases (8 of the 11)
the reduction of the fruit set and the yield was the greatest
when the bee pollination was prevented at the first half of the
blooming period (50% first in Tubles 1) than at the second
half of it (50% second), but at other instances (3 of the 11)
the opposite happened. So the limitation of the insect
pollination period tends 1o have a somewhat greater impact
on the set and the yield in the first half of the blooming as it
has been indicated at other fruit tree species, carlier
(Benedek & Nyéki, 1996b). However, this tendency can not

be observed at each occasion probably for the impact of the
changing weather.

Very intense bee visitation was detected in the
experimented quince orchard because both the orchard and
its close vicinity was greatly overpopulated with honeybee
colonies as reported in one another paper (Benedek, Szabd &
Nyéki, 2000). In spite of this fact, much less fruit set was
observed at the most cases than the required 20-25% set
(Tables 1-3) that was the condition of a good yield at quince
as having been indicated by Nyéki (1996). A loose but
significant correlation was established between the fruit set
of quince and the intensity of honeybee visitation (Tuble 5).
The coefficients of the correlations were significant (except
one single case), so the equations can be used for orientation.
Based on the calculations with the equations as much as
some 5.2-7.4 honeybees and even more flower visits at 50
flowers in 10 minutes can promote as high initial set as 20 —
25% and much more can result in 20-25% final fruit set
(Tuble 5). These bee visitation figures equal to 4-5 and 8-10
honeybee visit per flower per day to achieve the required
20-25% initial or final set, respectively! These were
extremely high bee visitation figures that we were unable to
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Table 4 Yicld of quince as affected by the elfective duration of the insect
pollination period (Ujlchértd, 1998-1999)

Table 5 Relationship hetween the number of honeyhee visits and the fruit
sel of quince (Ujlehértd, 1997-1999)

Haoneybee activity
at 50 opening owers
in 10 minutes

Relationship between

the initial fruit set
(per cent)

the final fruit sel
Apereent)

and the honeybee activily

Number of honeybees r=10.52 r=0.38
visiting the 50 lowers n=18 n=18
p<0.02 p<0.1
y= 8.0+ 2.3 y= 73+ 1L2x
Number ol Towers r=0.44 r=0.32*
visited by hees of the n=18 n=18
50 ones p<0.05 p=>0.1%
y=119+09 | y= 892+ 0.5x*
Required No. ol bees 5.2 10.6
figures o visiting 50
achicve 209% | Mowers
[ruit sct
No. of Mowers 9.0 21.6
visited ol the
50 bees
Required No. ol bees 74 14.8*
ligures o visiting 50)
achieve 25% | Mowers
fruit set
No. of Mowers 14.5 3l.6*
visited ol the
50 hees

Cultivar Effective duration Yicld from 50 Mowers (2)
ol the inscet (n =4, per treatment)
pollination during
P the blooming period 1998 1999
Agersi (1) 0% open (caged) 0 0
(2) 50% open (first) UR+UR ()
(3) 50%: vpen (second) 0 0
(4) 100% open 1529£215 1411247
Bereezki (1) 0% open (caged) 0 0
(2) 50% open (first) 6161 il
(3) 50% open (second) 320320 ()
() 100% open T77+449 269208
Bereerki (1) 0% open (caged) 0 0
hditerma (2) 50%: open (first) 0 ROERO
(3) 5066 open (second) 0 245+156
(4) 100% open 625+296 1721501
Champion | (1) 0% open (caged) 0 (0
(2) 509 open (lirst) 0 0
(3) 50% open (second) 0 *
(4) 100%: open 4744229 *
Konstanti- | (1) 0% open (caged) 0 0
napolyi (2) 508 open (hirst) 1] 0
(3) 50% vpen (second) 0 1224122
(4) 100% open 445+98 9914351
Mezdturi (1) 0% vpen (caged) 0 0
(2) 50% open (first) 0 0
(3) 509 open (second) ( 88+55
(4) 100% open 8164339 9l1£313
Explanation:

(1): 0% open (caged) = caged during the whole blooming

(2): S0%open (first) = open in the fist hall, caged during the second hall of

hlooming

(3): 50%open (second) = caged in the first hall, open during the second
hall of blooming,

* = destroyed

achieve at our experimental plantation, however, it was
overpopulated with honeybees. Accordingly, no doubt the
commercial quinee plantations require much greater number
of honeybee colonies to supplementary pollination than
generally recommended to other temperate zone fruit tree
species.
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