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Performance evaluation of mechanical blossom thinning in trunk type
pear orchard
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Abstract: In order to yield a marketable product, hand fruit thinning (HFT) has become the major but costly management
practice in modern pear planting. Two kinds of new blossom thinners for pear blossom thinning were developed, which are
tractor-mounted three arms blossom thinner (TTBT) and hand-held electric blossom thinner (HEBT). Four treatments for 24
trunk type ‘Cuiguan’ pear trees (7 years) were tested. They are TTBT combined with HFT, HEBT combined with HFT, hand
blossom thinning (HBT) combined with HFT, and HFT only. Pear trees were divided into 4 groups equally. Four indexes
were used to evaluate the test: flower reserve rate, fruit set rate, work efficiency and cost, fruit yield, and quality. Pear canopy
was divided into the inner, middle, and outer 3 layers in the top view. 20 inflorescence samples were selected for each layer.
Field tests showed: there was no obvious difference in quality between mechanical blossom thinning and HBT, and the working
stability of TTBT was higher than other treatments. Mechanical blossom thinning decreased the fruit set rate to a certain
degree, but did not reduce the yield and quality of harvesting. TTBT could save 61.35% operation time compared with HFT,
and the profitable area was 5845.76 m>. TTBT is suitable for large-scale sparse layer trunk-type pear orchards. HEBT could
save 36.01% operation time compared with HFT, and the profitable area was 663.96 m>. HEBT is suitable for small and
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medium-sized trunk-type pear orchards.
sugar solids.

Blossom thinning can improve the average weight of high quality fruit and brix of
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blossom thinning in trunk type pear orchard.

1 Introduction

Pear is the third largest fruit industry in China and has been
cultivated for more than 3000 years. The cultivation area, yield,
and export volume of China are the first in the world now!'.
Thinning is a necessary agronomic section in pear orchard
management. It can avoid biennial bearing and improve fruit
quality.  Although chemical thinning is fast and convenient'?,
many factors can affect it, such as variety, application time, liquid
concentration, and climate’®®. Hand fruit thinning (HFT) is a
major treatment for Chinese pear orchards nowadays. An
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Performance evaluation of mechanical

HFT is labor
HFT is low
It is urgent to

Operator needs thinning 1 to 2 times each year.
intensive and time-consuming in pear planting.
efficiency and makes serious tree nutrient waste.
develop high efficiency thinning machinery.

The research of mechanical thinner in China started late and
the quantity was small. Wang!® developed a mechanical blossom
thinner for dwarf dense apple and peach trees. Li et al.l”
developed an electric flexible thinner for litchi trees. Hu et al.*”
developed a hydraulic transmission blossom thinner based on
machine vision. It can collect the blossom information according
to the image collector and control the spindle rotation speed
through the central controller. These machines belong to single
spindle string blossom thinner. They are suitable for hedge wall
type orchards and the effect on other types of trees is general. The
researches of Europe and America concentrated on developing new
machines early, such as electro-mechanical limb fruit thinning
shaker!'”, spiked-drum blossom thinning shaker!"'?], and single

spindle string blossom thinner!'>'*],

But the mature product is
mainly single spindle string blossom thinner, such as the Darwin
series made by Fruit Tec!". 1In the past 5 years, researches
focused on new technologies, new rope materials, and new
methods. Lyons et al.l'”! developed selective automated blossom
thinning robotic arm for peach trees. It can remove unwanted
blossoms from different branches. Wouters et al.'® developed
pear flower buds multispectral detection system whose highest

accuracy was 87%. It is an attempt at intelligent blossom thinning.
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Assirelli et al.l'! replaced the traditional rope material with flexible
glass fiber in the single spindle string blossom thinner. The new
thinner can save time of 48.0% and 42.4% compared with HFT in
apricot and peach orchards, respectively. Pavanello et al.l'®! and
Theron et al.l' researched the efficiency of chemicals combined
with mechanical thinning for plums, getting better test results.
Lordan et al.?” built an apple parameters prediction model on
Darwin 250 single spindle string blossom thinner. It can estimate
the best moving speed and spindle rotation speed by the density of
inflorescence. Iwanami et al.l?!! researched a regression model for
representing the relationships among crop loads, thinning time,
flower bud formation, and fruit weight of apple trees. All these
researches are still in the experimental stage, with no marketable
product.

Mechanical blossom thinning can improve fruit yield and
quality. Relative reports mostly focus on peach and apple, rarely
on pear. The import price of Darwin series blossom thinner is
expensive, and it is unsuitable for the trunk type orchard. To
relieve the heavy labor pressure in HFT and improve the efficiency
of orchard management, two kinds of new mechanical devices for
Chinese pear blossom thinning were developed, which are
tractor-mounted three arms blossom thinner (TTBT) and hand-held
electric blossom thinner (HEBT). TTBT is designed for
large-scale sparse layer trunk type pear orchards and HEBT is
designed for small and medium-sized trunk type pear orchards. In
this study, Cuiguan pear was taken as the research object to
evaluate the effect of mechanical blossom thinning in trunk-type
pear orchard. The research is expected to improve the working
quality of mechanical blossom thinner and provides a reference to
the mechanization management of the pear orchard.

2 Materials and methods

2.1 Thinning machines
2.1.1 Hand-held electric blossom thinner

HEBT is compact, easy to carry, and suitable for different
canopy types. The structure of HEBT is shown in Figure 1.
When working in the field, the operator ties the power bag on the
waist and holds the governor in hand for thinning. The operator
can adjust the spindle rotation speed according to the stalk hardness
and blossom density. HEBT installation extension rod can thin
the canopy in long distance, and HEBT without extension rod can
thin the canopy in short distance.
performance parameters of HEBT are listed in Table 1.
2.1.2  Tractor-mounted three arms blossom thinner

The structure of TTBT is shown in Figure 2, the main structure
and performance parameters of TTBT are listed in Table 2. The

The main structure and

tractor PTO drives the hydraulic pump through the transmission
shaft. The hydraulic pump provides power to the hydraulic
cylinder, and the liquid distribution valve controls the extension
movement of the hydraulic cylinder. The hydraulic cylinder
makes the movable beam move horizontally relative to the frame.
Three governors are placed in the electric cabinet, to control the
spindle rotation speed of the upper, middle, and lower thinner arms.
Two vertical rods are connected with each other through the flange,
which can be separated and combined according to the height of
the tree. Three thinner arms are installed flexibly in different
positions of the vertical rod. Relative to the vertical rod, the arm
bracket can rotate 360° at arrow I direction. Relative to the arm
bracket, the arm extension rod can rotate 360° at arrow II direction

and move in the range of 0 to 0.5 m at arrow III direction.

Relative to the arm bracket, the spindle power assembly can rotate
270° at arrow IV direction.

7 6

a. With extension rod

=
N

b. Without extension rod
1.Rope 2.Spindle 3.DC motor 4.Extensionrod 5.Governor 6. Wire
7. Storage battery 8. Power bag

Figure 1  Structure of HEBT
Table 1 Main structure and performance parameters of
HEBT

Parameter Value
Rope rotation radius/cm 8
Rope line diameter/mm 24
Rope axial distance/cm 4
Spindle rotation speed range/r-min”" 0-900
Extension rod length range/m 0.95-1.60
Battery output voltage/V 12
Battery capacity/Ah 104

13 14 151617

4. Movable beam

3. Limit wheel
5. Hydraulic cylinder 6. Vertical rod bracket 7. Vertical rod 8. Arm bracket
9. Arm extension rod 10. Spindle power assembly 11. Spindle 12. Rope
13. Hydraulic pipeline 14. Hydraulic pump 15. Electric cabinet 16. Liquid

1. Frame 2. Transmission shaft

distribution valve 17. Hydraulic oil tank

Note: I is the rotation direction of arm bracket; II is the rotation direction of arm
extension rod; III is the movement direction of arm extension rod; IV is the
rotation direction of spindle power assembly.

Figure 2 Structure of TTBT
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Table 2 Main structure and performance parameters of

TTBT

Parameter Value
Tractor minimum power/kW 18.8
Weight/kg 200
Size (lengthxwidthxheight)/mxmxm 0.9x1.2x2.7
Arm number 3
Arm extension range/m 0-0.5
Spindle length/m 1.1
Spindle rotation speed range/rmin "' 0-300
Rope rotation radius/m 0.5
Rope line diameter/mm 3
Rope axial distance/cm 4

2.2 Field tests
2.2.1 Conditions

Tests of four blossom thinning treatments were conducted in
Ye Jia pear orchard, Tai Xing, Jiang Su province. The trees were
7 years old (7 a), and were planted 5 m between rows and 3 m
The trees were 3 m tall on average. The average
trunk height was 0.6 m and the average trunk diameter was § cm.
The flower buds were thinned from March 22 to 24, 2020, 7 d
before full bloom (flower bud was easy to thin). The fruits were
thinned from April 20 to 28, 2020 and harvested from July 25 to 31,
2020. The test tractor was a LOVOL M604L-E (Lovol Heavy
Industry Co., Ltd., Weifang, Shandong, China). Because the
branches and leaves blocked the sight of the driver easily during
the tractor movement, low speed gear was used as working power

within rows.

(tractor moving speed was 0.31 m/s) during the test. Referring to
the thinner rope impact forces model and test previously™, the
spindle rotation speed of TTBT and HEBT were set to 250 r/min
and 500 r/min, respectively.

The minor branches of trunk type pear tree were long, and the
main branch angles with the ground were large, which was not
conducive to the work of the thinner arms extending into the tree
canopy. The situation that about 13% of flowers on one pear tree
growing into fruits is perfect, and appropriate sparse layer pruning
will not affect the quality and fruit yield. To adapt the pear tree
for TTBT, the canopy was adjusted from trunk type to sparse layer
trunk type. 6 trunk-type pear trees in the field were selected and
adjusted in the winter of 2017. After a growth and adaptation
period of 2 years in 2018 and 2019, they were applied to the test in
2020. The shape of the canopy before and after adjustment is
shown in Figure 3.

Minor branch

a. Trunk type tree b. Trunk type tree after sparse layer

Note: Selection criteria of trees to adjust is that canopy keeps 3 layers main
branches, and the length range of 4, /2, h3 is 0.6 m to 0.8 m. The method to
adjust tree canopy is pruning the overlong minor branches, and decreasing the
angle between the main branch and the ground horizontal plane by traction.
Figure 3 Shape of canopy before and after adjustment

2.2.2 Treatments
Four kinds of treatments were conducted to evaluate the

efficiency of blossom thinning, which were TTBT combined with
HFT, HEBT combined with HFT, hand blossom thinning (HBT)
combined with HFT, and HFT only. Test indexes were flower
reserve rate!®]) fruit set rate, work efficiency and cost, fruit yield
and quality®?.  Six trunk-type trees with sparse layers were
used for TTBT, and another eighteen trunk-type trees were selected
as the test objects of HEBT, HBT, and HFT. The 18 trees were
divided equally into 3 groups. HFT only was set as the control
group and 3 other groups were set as the test groups.

The movement path of TTBT is shown in Figure 4. The
tractor moved along the ‘S’ shaped route to complete the pear tree
blossom thinning. The trunk central point deviated from the tree
central line at a certain distance. To ensure the arm does not
collide with the main trunk of the pear tree, the right-most arm
should keep some distance from the tree central line. This makes
it impossible for the thinner to work in the area near the trunk
central point, especially the area between trees within rows.
Operators of the other 2 blossom thinning treatments can flexibly
work on various areas of the canopy, and no such problem exists.
Therefore, the sample point arrangement method is as follows: the
tree canopy shown in Figure 5 was divided equally into inner,
middle, and outer 3 layers and each layer was divided equally into
4 sections (12 sections totally). 5 inflorescence samples of each
section were selected equally in the direction of tree height.
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Figure 4 Movement path of TTBT

Canopy outer profile

Inner layer %
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Figure 5 Canopy division

Blossom thinning tests were carried out from March 22 to 24,
2020. The flower bud number of the inflorescence samples before
and after thinning, and the thinning time of each tree were recorded.
Fruit thinning tests were carried out from April 22 to 25, 2020.
The green fruit number of the inflorescence samples before and
after thinning, and the thinning time of each tree was recorded.
Harvesting tests were carried out from July 28 to 30, 2020.
Referring to national standard NY/T440%% and GB/T10650™"), the
fruits of each test pear tree were graded for high-quality fruits and
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ordinary fruits. The high-quality fruit is defined as that the shape
is correct, the peel is dark green, the fruit stem is intact, the fruit
surface is free from stab, scratch, crush, grind, worm, and the mass
of the single fruit is not less than 350 g.  In each treatment, 3 fruits
were selected from the high-quality fruits and the ordinary fruits
respectively, and the brix of sugar solid of each fruit was measured.
Then, the average value of these 6 fruits was calculated to obtain
The work field of
mechanical blossom thinner and flower buds after thinning are
shown in Figure 6. In the test, except for tractor driving, 2 skilled
workers were selected for the operations and one person was

the brix of sugar solid for each treatment.

responsible for one tree.

b. Work field of TTBT

Flower buds are removed

c. Flower buds after thinning
Figure 6 Work field of mechanical blossom thinner and flower

buds after thinning

Asteggiano et al.®® performed mechanical blossom thinning
on peach tree (single bud) and the average flower reserve rate was
60%. McClure et al.”! performed mechanical blossom thinning
on apple tree (mixed buds) and the average flower reserve rate was
54.5%.
should reserve 1 to 3 flowers for each inflorescence. Each

Huang et al.B” suggested that pear trees (mixed buds)

inflorescence of ‘Cuiguan’ pear has an average of 6 flowers, and

flower reserve rate ranges from 20% to 50%. Considering the

objective factors of fruit growth such as weather regurgitation,
blossom thinning damage, flower pollination, pecking of insects
and birds, natural fruit fall, and proportion confirmation, the flower
bud reserve rate of 4 treatments was set at 50%, and flower bud
reserve rate was defined as the number of sample flower bud after
blossom thinning divided by the number of sample flower bud
before blossom thinning.

3 Results and discussion

3.1 Flower bud reserve rate

The flower bud reserve rate of the inflorescence sample was
tested to evaluate the quality of the 3 blossom thinning treatments.
To reflect the individual stability of the thinning on a pear tree, the
coefficient variation of the flower bud reserve rate in different
layers was calculated. The calculation formulas of flower bud
reserve rate, standard deviation, and coefficient variation are shown
in Equations (1)-(3). The results are listed in Table 3.

- g

where, ¢; is the flower bud reserve rate of tree i, %; ¢ is flower bud
reserve rate, %

C

@

where, s, is the standard deviation of the flower bud reserve rate,
%.

CV =2 %100% 3)
C

where, CV is the coefficient variation of the flower bud reserve rate,
%.

Table 3 Flower bud reserve rate ¢ and coefficient variation

Cv
Position Index HFT HBT HEBT TTBT
c/% 100 54.18 54.98 56.47
Inner layer
CV/% - 4.47 9.04 2.41
. c/% 100 51.40 53.26 57.00
Middle layer
CV/% - 3.91 6.87 1.70
c/% 100 48.75 51.61 56.22
Outer layer
CV/% - 2.75 3.85 2.17
Average c/% 100 51.44 53.28 56.56
Average CV/% -- 3.71 6.59 2.09

Note: HFT represents hand fruit thinning; HBT represents HBT+HFT; HEBT
represents HEBT+HFT; TTBT represents TTBT+HET, the same as below.

The flower bud reserve rate of three test groups is HBT
51.44%, HEBT 53.28%, and TTBT 56.56%, and all can meet the
need for blossom thinning. The order of coefficient variation of
flower bud reserve rate ranking from small to large is TTBT, HBT,
and HEBT. The coefficient variation of flower bud reserve rate of
TTBT is 1.62% and 4.50% lower than that of HBT and HEBT,
respectively. This is related to the mechanized operation of TTBT:
tractor of TTBT followed a fixed route and was more stable than
HBT and HEBT which repeatedly moved around the tree canopy.
The coefficient variation of flower bud reserve rate of HEBT is the
largest in test groups, showing that it is more difficult to ensure the
uniformity of blossom thinning than HBT and TTBT. The fatigue
caused by long time operation will have a great impact on the
accuracy, and the effect of fatigue of HEBT is larger than that of
HBT. HEBT was carried out by the operator’s hand, and the
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contact range between the rope and the flower bud was controlled
by the operator subjectively. The flower bud reserve rate and its
coefficient variation of HBT and HEBT showed a decreasing trend
from the inner layer to the outer layer, which was related to the
difficulty of thinning. The farther away from the trunk center
point, the less the operator is blocked by the branches, the more
convenient the blossom thinning is, and the higher the blossom
thinning stability is. The flower bud reserve rate of the TTBT is
the highest in the test groups because it could not completely thin
zones 2 and 4 in Figure 5. The detailed flower bud reserve rates
of TTFT at 4 zones are listed in Table 4. The average flower bud
reserve rate of zones 1 and 3 is 50.72%, while the average flower
bud reserve rate of zones 2 and 4 is 62.40%.

Table 4 Flower bud reserve rate c of tractor-mounted three
arms blossom thinner

Position c of zones 1 and 3/% c of zones 2 and 4/%
Inner layer 50.48 62.46
Middle layer 51.15 62.85
Outer layer 50.54 61.90
Average 50.72 62.40

3.2 Fruit set rate

The purpose of HFT is to improve fruit yield and quality, and
the purpose of blossom thinning is to relieve the heavy labor
pressure of HFT and improve working efficiency. Some flower
buds hit by the ropes will slowly wither during the growth.
Relative fruit set rate is a better index to evaluate the blossom
thinning quality and it can remove the interference of flower bud
reserve rate. The relative fruit set rate was defined as the number
of sample green fruit before fruit thinning divided by the number of
sample flower bud after blossom thinning. The calculation
method of relative fruit set rate and its coefficient variation is the
same as that of flower bud reserve rate. The results are listed in
Table 5.

Table 5 Relative fruit set rate s and coefficient variation CV

Position Index HFT HBT HEBT TTBT
s/% 80.98 85.59 77.32 70.16
Inner layer
CV/% 2.60 2.18 7.78 3.32
. s/% 80.24 85.11 75.16 69.02
Middle layer
CV/% 2.94 2.13 6.07 2.09
$/% 80.14 84.73 74.07 68.77
Outer layer
CV/% 2.42 1.66 4.96 2.33
Average 5/% 80.45 85.14 75.52 69.32
Average CV/% 2.65 1.99 6.27 2.58

The order of the relative fruit set rate of each group ranking
from small to large is TTBT, HEBT, HFT, and HBT. The relative
fruit set rate of HFT is 4.93% and 11.13% higher than that of
HEBT and TTBT, respectively. It shows the mechanical blossom
thinning has some influence on the fruit set of trees, and the effect
of TTBT is higher than that of HEBT. The relative fruit set rate
and its coefficient variation of HBT and HEBT showed a
decreasing trend from the inner layer to the outer layer, and the
trend was positively related with flower bud reserve rate and its
coefficient variation in Table 3. The relative fruit set rate of HBT
is 4.69% higher than that of HFT, showing that HBT could reduce
the natural fruit drop of pear trees to a certain degree. The flower
bud reserve rate of TTBT in Table 3 is higher than that of HBT and
HEBT, but the relative fruit set rate of TTBT in Table 5 is lower
than that of HBT and HEBT. Part of the reason is that TTBT

cannot completely work on the zones 2 and 4 in Figure 5, resulting
in a higher flower bud reserve rate in Table 3. Another reason is
that the relative fruit set rate of TTBT is relatively lower. The
relative fruit set rate of TTBT at zones 1, 3 and 2, 4 are listed in
Table 6, which is 14.77% and 7.50% lower than HFT in Table 5,
respectively.

Table 6 Relative fruit set rate s of tractor-mounted three arms
blossom thinner

Position s of zones 1 and 3/% s of zones 2 and 4/%
Inner layer 66.54 73.78
Middle layer 64.58 73.46
Outer layer 65.93 71.60
Average 65.68 72.95

3.3 Working efficiency and cost

The higher the work efficiency, the lower the management cost.
Even if each tree has the same age and shape, the number of
flowers and fruits is different, and the working efficiency is
different. To reduce the test error, the thinning time of each tree
was recorded and the average value was calculated. The results
are listed in Table 7.

Table 7 Average thinning time of one tree

Name HFT HBT HEBT TTBT
Blossom thinning time/min - 23.03 11.65 0.32
Fruit thinning time/min 60.23 3231 26.89 22.96
Total time/min 60.23 55.34 38.54 23.28

The total thinning time of the test groups is shorter than the
control group. It ranked from long to short in the order of HBT,
HEBT, and TTBT. The total time-saving proportion of HBT,
HEBT and TTBT to the control group is 8.12%, 36.01%, and
61.35%, respectively. The proportion of blossom thinning time to
fruit thinning time is HBT 71.28%, HEBT 43.32%, and TTBT
1.39%. Working efficiency of 4 groups ranked from high to low
in the order of TTBT, HEBT, HBT, and HFT. The profitable area
of the machine is the minimum planting area required by machines
to replace labor in management cost. When the planting area of
crops is larger than the profitable area, the machine can bring
profits. The price of TTBT and HEBT is 15 000 yuan and
1000 yuan respectively, with 5 years of depreciable life. Labor
cost is 100 yuan in an eight-hour day. The planting space of one
tree is 15 m>.  According to Equations (4)-(6), the profitable area
of TTBT and HEBT is 5845.76 m” and 663.96 m?, respectively.

g== @
n
where, ¢ is the annual depreciation of one thinner, yuan; p is the
price of one thinner, yuan; # is the depreciable life, year.
a=" ®
o4
where, d is the saving cost of one thinner by replacing labor,
yuan/mz; dy is the labor cost in an eight-hour day, yuan; ¢ is the
average fruit thinning time of one tree in the control group, h; 7, is
the working hours of one day, h; 4 is the ground space of one tree,
m?;  is the time-saving proportion of test group to control group.

-4
A== (6)

where, A is the profitable area of one thinner, m?2,
3.4 Fruit yield and quality

Fruit yield and quality are important indexes to evaluate the
quality of orchard production, which is directly related to the
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income of the manager. Fruit reserve rate, total yield per tree,
high-quality fruit yield per tree, the average mass of high-quality
fruit and brix of sugar solids were discussed. The fruit reserve
rate was defined as the number of sample ripe fruit divided by the
number of sample flower bud before blossom thinning. The
results are shown in listed 8.

Table 8 Fruit yield and quality

Index HFT HBT HEBT TTBT
Fruit reserve rate/% 13.24 12.99 12.89 12.78
Total yield per tree/kg 44.58 42.83 42.17 42.08
High quality fruit yield per tree/kg 23.41 21.59 21.22 20.47

Average mass of high quality fruit/g ~ 360.15 378.77 385.82  393.65
Brix of sugar solids/% 12.80 13.10 13.10 13.20

Note: The high quality fruit is defined as that the shape is correct, the peel is dark
green, the fruit stem is intact, the fruit surface is free from stab, scratch, crush,
grind, worm, and the mass of the single fruit is not less than 350 g.

The average fruit reserve rate of 4 treatments is 12.98%, which
meets the planting requirement of 13%".  The fruit reserve rate
is positively related to the total yield and the high-quality fruit yield,
and negatively related to the average mass of high-quality fruit and
brix of sugar solids. There is no obvious difference among the
test groups.
total yield per tree is 42.36 kg, the high-quality fruit yield per tree

After averaging, the fruit reserve rate is 12.89%, the

is 21.09 kg, the average mass of high-quality fruit is 386.08 g, and
the brix of sugar solids is 13.13%.
group, the fruit reserve rate decreased by 2.64%, the total yield per
tree decreased by 4.98%, the high-quality fruit yield per tree
decreased by 9.91%, the high-quality fruit yield per tree increased
by 7.2%, and the brix of sugar solids increased by 2.58%. The
fruit reserve rate, the total yield per tree, and the high-quality fruit
yield per tree of the control group are higher than those of the test
This is because the leaves of the tree that formed in the

Compared with the control

groups.
period of fruit thinning and the thick leaves block the operator’s
sight. The number of green fruit for thinning in the test group is
only about 50%, which is less affected than that in the control
group. The average mass of high-quality fruit and the brix of
sugar solids in the control group are lower than those in the test
group, which is related to the nutrient waste of fruit trees. The
control group only had fruit thinning and almost 80% of flower bud
developed into green fruit. About 50% of flower buds were
thinned in test groups and the number of flower buds that
developed into green fruit was less than that in the control group.

4 Conclusions

1) The study introduced two kinds of mechanical pear blossom
HEBT can be assembled
flexibly according to working conditions, the spindle rotation speed
is adjustable from 0 to 900 r/min, the length of the extension rod is
adjustable from 0.95 m to 1.60 m, the battery capacity is 10.4 Ah,
TTBT is
The position of the thinner arm
The spindle length is 1.1 m
and the rotation speed is adjustable from 0 to 300 r/min.

2) 4 thinning treatments (TTBT combined with HFT, HEBT
combined with HFT, HBT combined with HFT, and HFT only)
were tested on trunk type “Cuiguan” pear.

thinner that developed in the early stage.

and it can work continuously for more than 8 h.
suspended and driven by tractor.
can be adjusted from multiple angles.

4 indexes (flower
reserve rate, fruit set rate, work efficiency and cost, fruit yield and
quality) were used to evaluate the test. There is no obvious
difference in quality between mechanical and artificial blossom

thinning, and the operational stability of TTBT is higher than that

of other treatments. Mechanical blossom thinning decreases the

fruit set rate to a certain degree, but does not reduce the yield and
quality of harvesting. TTBT can save 61.35% operation time
compared with HFT, and the profitable area is 5845.76 m?, which is
suitable for large-scale sparse layer trunk type pear orchard.
HEBT can save 36.01% operation time compared with HFT, and
the profitable area is 663.96 m% which is suitable for small and

medium-sized trunk type pear orchards. Blossom thinning can

improve the average weight of high-quality fruit and brix of sugar
solids.
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