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Abstract: In various orchard fruit trees, thinning of blossoms and fruits is important to increase fruit
size and quality and to promote a new bloom in the following season. Several chemical thinning
agents are currently commercially available, but they are inconsistent and produce side effects in crop
plants and insect pollinators. Because of environmental concerns, developing alternative eco-friendly
bloom thinning agents is necessary. We developed an eco-friendly bloom thinning formulation
(BTF) using minerals and extracts of various medicinal plants. Our BTF spray (0.1%, w/v) decreased
the number of fruits per tree (46.5%) and fruit yield per tree (81.5%) but increased the fruit weight
(196.8%) compared with the control treatment; the spray induced a small number of larger mango
fruits in the treated trees. We also investigated the effect of BTF on the olfactory behavior of Apis
mellifera L. (Hymenoptera, Apidae), a major insect pollinator. We analyzed the behavioral changes of
adult workers at two different concentrations (0.1% and 1%) of nine different BTF spray components
using a Y-tube olfactometer. The behavioral responses of honey bees to nine BTF components
showed significant differences. However, honey bees showed no clear attraction or repellent behavior
towards the tested BTF components. Our results suggest that the newly developed eco-friendly BTF
is practically applicable in mango orchards without interrupting honey bee behavior.
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1. Introduction

When fruit trees produce more flowers and fruits, the size and quality of fruit are
reduced. Hence, thinning is necessary to reduce crop load and increase the market value
of tree crops [1-4]. Thinning promotes bloom again in the following season in some
orchard trees, such as apples and plums [4,5]. Thinning methods have been developed
using hand, mechanical, and chemical methods [1,5]. Hand thinning is the most time-
consuming method and is unprofitable because of the labor intensity and prolonged time [1].
By contrast, mechanical thinning using rope, club, or high-pressure spray guns can be
used; however, these methods easily bruise and damage fruits, making them commercially
unacceptable [1]. Using a hand-held electrical device can be useful for the post-bloom
mechanical thinning of peach trees [6].

The chemical thinning method is more economical compared with the hand or me-
chanical thinning methods [7]. Several chemical thinning agents (i.e., ethephon, ammonium
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thiosulphate, naphthyl acetic acid, carbaryl, benzyladenine, naphthalene acetic acid conju-
gates, and gibberellins) are currently available in the market [8-13]. In addition, minerals,
such as lime sulfur, are commercially available as thinning agents [14]. However, the major
problem of most chemical thinning agents is inconsistent thinning effect due to different
environmental conditions of orchard trees [7]. Furthermore, some agents are toxic to plants
and pollination insects [14,15].

Bloom thinning coincides with the pollination activity season of insects, such as bees,
beetles, moths, and flies. There is a concern regarding the effect of thinning agents on the
behavior and physiology of insect pollinators because some chemical thinning agents are
harmful to insect pollinators. For example, carbaryl (1-naphthyl-N-methylcarbamate)
has a fruit thinning activity on apple trees [16,17]; however, this compound is a highly
toxic pesticide, and its use was reduced because of harmful effects on insect pollinators
and related environmental concerns [1]. Therefore, it is important to develop eco-friendly
thinning agents that are safe for insect pollinators, ecosystems, and organic farmers. Eco-
friendly thinning formulations have been recently developed using minerals and various
organic compounds extracted from plants [18-20].

Mango, Mangifera indica L. (Anacardiaceae), is one of the most important tropical
fruits and is favored worldwide for its particular flavor and high nutritional value [21].
During the harvest season, the mango fruit size is important in determining the market
price [22]. Therefore, blooming and fruit thinning is necessary to produce economically
profitable mango fruits [22]. However, studies on the efficacy of applying thinning agents
for the mango tree are limited [23,24].

This study aimed to determine the thinning efficacy of a newly developed bloom thin-
ning formulation (BTF) in mango orchards in Vietnam. Moreover, the study investigated
whether each component of the developed BTF induces an olfactory response and changes
the behavior of an insect pollinator, the Western honey bee Apis mellifera L. (Hymenoptera,
Apidae). For this experiment, we used a Y-tube olfactometer bioassay commonly used for
determining the behavioral response of insects to volatile organic compounds [25].

2. Materials and Methods
2.1. BTF

BTF (Apple Co. Ltd., Daegu, Korea) was formulated using the mineral ingredients
and extracts of various medicinal plants (Table 1).

Table 1. Major components of the bloom thinning formulation.

Components of the Bloom Proportions (%) in the

Thinning Formulation Bloom Thlr.mmg Main Active Ingredients
Formulation

1. Extract of seaweed <18 Alginate
2. Nitrogen, zinc, boron <46 Nitrogen
3. Extra.d of low quality fresh < Ginsenoside
Panax ginseng
4. Extract of >Chenopodium .

. >1 Limonene
ambrosioides
5. Extract of Houttuynia cordata <20 Essential oil
6. Extract of Bupleurum .

<10 Saponin

falcatum
7. Wood vinegar >1 Organic acid
8. Inert ingredient - Water

2.2. BTF Treatment on a Mango Orchard

We conducted field trials in a mango orchard (10°40'88.0” N, 105°70'78.0” E) located
in Dong Thap Province, Mekong River Delta in Vietnam; we used five-year-old mango
trees (Taiwan native strain) for the study. Mango trees began blooming in late February.
We sprayed BTF twice: First at the completion of 80-90% of the blooming season in
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early March and then during the full-bloom season in the middle of March. We diluted
BTF to a concentration of 0.1% with water and sprayed an amount of 25 L on each tree,
which averaged 10 m in height. We treated control trees with the same amount of water
as the mango trees. The field experiment was performed in a randomized complete
block design with three replications (five trees in each block). At 150 days post-treatment,
we harvested mango fruits from the BTF-treated (n = 15) and untreated trees (1 = 15) and
counted the average number of fruits per tree. In addition, we obtained the average weight
of fruits per tree, and measured the average yield per tree by counting the number of total
fruits per tree.

2.3. Honey Bees

We obtained A. mellifera worker bees (<10 days old) from an apiculture farmer in
Chilgok, Korea and placed them in an acrylic cage (38 x 38 x 34 cm) at the Insect Physiology
Laboratory, Kyungpook National University, Korea. The caged bees were provided with
two insect breeding containers (100 mL) containing 50% (w/v) sucrose solution-soaked
cotton balls as a temporal food source. We maintained the cage under the following
conditions: A temperature of 25 £ 2 °C, relative humidity of 60% =+ 10%, and photoperiod
of 12-h light:12-h dark.

2.4. Olfactory Responses of A. mellifera to BTFs

We used a Y-tube olfactometer (Figure 1) for evaluating the olfactory responses of A.
mellifera as per the Mostafiz et al. [25] method. We diluted the BTF components with water
to achieve the desired concentrations of 0.1% and 1%. Next, we added an aliquot (60 nL)
of each concentration to a polyethylene vial (1 mL) and added it in one of two bottles.
The second bottle contained the same amount of distilled water. We passed medical grade
compressed air through the tubes at a rate of 300 mL/min/arm using flowmeters.

’ Treatment
g 7 bottle

-
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e

\

Compressed air

O
1= BN
\\

\

i

-
Bottle filled with 1
distilled water  Control

bottle
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by flowmeter d

Figure 1. The Y-tube olfactometer apparatus used to investigate the olfactory responses of the honey
bees for each component of the bloom thinning formulation.

Before the bioassay, we starved adult worker bees (<10 days old) for 2 h to promote
rapid response to treated compounds. After initiating airflow, we inserted one worker bee
into the Y-tube at a time. When the adult worker crossed the odor-source branch or control
branch by more than a third of the length, we presumed that the bee made a choice. The bees
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that stayed in the main stem for 10 min were marked as unresponsive. We tested the relative
position of the tested stimulus and alternated the corresponding control between replicates
to avoid any spatial bias in the bees” behavior. For each test, a clean Y-tube was used
to prevent odor transfer. A total of 10 replications for individual BTF was performed.
The Y-tube was illuminated with a red light to avoid using visual signals during the
experiments. We performed all bioassays between 10:00 a.m. and 5:00 p.m. in a room
maintained at a temperature of 25 & 2 °C and a relative humidity of 60% £ 10%. The Y-
tubes were thoroughly washed with acetone and distilled water after each test before air
drying. The response rate (%) of test samples on A. mellifera in the Y-tube olfactometer was
calculated using a formula reported by Li et al. [26].

Response rate (%) = (Responding bees/Total tested bees) x 100

2.5. Statistical Analysis

For this study, we performed an F-test for comparing the average fruit number and
weight between the control and BTF-treated trees after 150 days post-treatment (harvest),
respectively. Moreover, we performed a Fisher’s exact test to determine any nonrandom
associations between the number of bees that selected the olfactometer’s treatment or
control arm. This analysis was performed using PROC FREQ in SAS 9.4. Furthermore,
a paired t-test was used to compare the time spent by the bees in each arm. All data were
analyzed using SAS 9.4 software (SAS Institute, Cary, NC, USA, 2016) [27], and we used
Sigma plot 12.5 (Systat Software Inc., San Jose, CA, USA, 2013) to draw all graphs.

3. Results
3.1. Effects of BTF Treatment on Mango Trees

The number and weight of mango fruits were compared between BTF-treated and
untreated control trees (Figure 2).

Untreated Treated

Figure 2. Effect of spraying bloom thinning formulation (BTF) on mango trees. BTF solution (0.1%)
was sprayed two times: First at the completion of 80-90% of the blooming season and second during
the full-bloom season on 5-year-old mango trees (n = 15) of the Taiwan strain.

At the harvest season (150 days post-treatment), the average fruit number per tree
was reduced to 46.3% compared with the control; however, fruit weight was increased to
196.8% compared with the control. The average yield of the treated trees was reduced to
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81.5% compared with the control trees (Table 2). The BTF spray induced a small number of
fruits per tree and reduced the overall yield but produced nearly two times larger fruits on
the mango trees.

Table 2. Effects of organic bloom thinning formulation on mango trees.

Number of Average . Ave.rage Average Yield Price (1000 Total Revenue
Treatment Mango Trees Number Fruits Weight (ke/tree) VND/ke) (1000
N) per Tree (kg/fruit) 8 8 VND!/tree)
Control-treated 15 5530 +22 063594006  351P+17 10 351
orchard
Bloom thinning
formulation- 15 2562 +14 1.250 b 4+ 0.06 2862+ 1.6 32 772
treated
orchard

Means within a column not sharing a common letter are significantly different at « = 0.05 using F-test.

We also compared the price of mango fruits in Vietnam markets between fruits har-
vested from BTF-treated trees and untreated ones. The mango fruits harvested from
BTF-treated trees commanded a 320% higher market price than those from the control trees.
Moreover, the total revenue of BTF-treated mango fruits was 220.1% higher than that of the
control (Table 2).

3.2. Olfactory Responses of A. mellifera to BTF Components

In the olfactory experiment, >85% of the worker bees approached either the BTF compo-
nents or the control within the maximum time allowed (10 min). However, there were no
significant differences between the time spent by worker bees in the Y-tube olfactometer in
the treatment and control arms; the bees spent almost similar times in both arms (Table 3).

Table 3. The average time spent by Apis mellifera worker bees in a Y-tube olfactometer with each component of bloom
thinning formulations at 1% concentration.

Bloom Thinning . Number of Minutes Spent in the Arm (Mean + SD)
Formulation Component N Treatment Control t-Value p-Value
Extract of seaweed 10 (9) 6.02 (1.16) 6.32 (0.95) 0.49 0.6561
Nitrogen, zinc, boron 10 (8) 5.62 (0.43) 6.54 (1.29) 1.73 0.1824
Extract of low quality 10 (10) 7.08 (1.41) 7.24 (1.08) 0.39 0.7185

fresh Panax ginseng
Extract of >Chenopodium

e 10 (9) 6.23 (1.44) 7.64 (1.13) 0.98 0.3995
Extract of Houttuynia 10 (9) 7.05 (1.15) 6.68 (1.71) —039 0.7235
cordata
Extract of Bupleurum 10 (9) 6.32 (0.89) 6.88 (1.75) 1.38 0.2603
falcatum
Wood vinegar 10 (10) 5.92 (1.17) 6.55 (1.17) 0.75 0.4957
Inert ingredient 10 (9) 6.00 (1.18) 6.97 (1.30) 27 0.0741

2 Total sample size (N, in the main stem of the olfactometer, the number of individuals that respond within 10 min is shown in parentheses).
A paired sample t-test was used to analyze differences between the time spent by Apis mellifera in each arm.

The behavioral responses of honey bees to nine BTF components showed signifi-
cant differences. However, the Y-tube olfactometer experimental findings showed that
none of the BTF components had strong attractant or repellent effect on the honey bees
(Figures 3 and 4).
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Figure 3. Olfactory responses of Apis mellifera to odors of various BTF (0.1%) components versus
clean air in a Y-tube olfactometer. Ten adult worker bees were tested for each BTF component.
Asterisks indicate significant differences: * p < 0.05 and ** p < 0.01 (Fisher’s exact test). “n.s.” indicates
no significant difference between the treatment and control (p > 0.05; Fisher’s exact test). ES, extract
of seaweed; NZB, nitrogen, zinc, boron; ELPG, extract of low quality fresh Panax ginseng; ECA,
extract of Chenopodium ambrosioides; EHC, extract of Houttuynia cordata; EBF, extract of Bupleurum
falcatum; WV, wood vinegar; NI, inert ingredient.
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Figure 4. Olfactory responses of Apis mellifera to odors of various BTF components (1.0%) versus
clean air in a Y-tube olfactometer. Ten adult worker bees were tested for each component of BTE.
Asterisks indicate significant differences: * p < 0.05 and ** p < 0.01 (Fisher’s exact test). “n.s.” indicates
no significant difference between the treatment and control (p > 0.05; Fisher’s exact test). ES, extract
of seaweed; NZB, nitrogen, zinc, boron; ELPG, extract of low quality fresh Panax ginseng; ECA,
extract of Chenopodium ambrosioides; EHC, extract of Houttuynia cordata; EBF, extract of Bupleurum
falcatum; WV, wood vinegar; NI, inert ingredient.

The highest percent responses of A. mellifera at 0.1% concentration of wood vinegar
(WV) (60%) was higher than the control, and there was a significant difference (p = 0.0119;
Fisher’s exact test) (Figure 3).

Only 30% of the honey bees chose the 1% concentration of the extract of seaweed (ES)
and the extract of B. falcatum (EBF) compared with the control, and significant differences
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were observed between the treatment and control arms (p = 0.0119; Fisher’s exact test)
(Figure 4).

4. Discussion

To develop an eco-friendly bloom thinning agent, we developed a new BTF using
minerals and extracts of seaweed and medicinal plants. The study results showed that
the 0.1% BTF solution sprayed on mango trees during the blooming season reduced the
total number of fruits per tree but increased the size of fruit compared with the untreated
control. The BTF spray increased the fruit weight to almost two times (196.8%) compared
with the control trees at harvest time. Our result showed that the bloom thinning efficacy
of BTF is remarkable for improving the size of mango fruit. The market price of mango
fruit is highly dependent on the size of fruits [21]. Our study results showed that BTF
treatment increased the total revenue per tree by more than two times. Hence, thinning is
an important procedure to increase the market value of mango fruit.

Our BTF contains extracts of seaweeds and various medicinal plants. These plant
extracts contain bioactive compounds that affect the growth, reproduction, and fruit quality
of fruit trees. Studies have suggested that seaweed extracts contain several compounds
that can influence the physiological characteristics of the plants, such as vegetative growth,
fruit quality, and blooming [28-30]. For example, seaweed extract treatment enhances leaf
chlorophyll levels [31], growth, the endogenous cytokinin content of Phaseolus vulgaris [32],
and the yield of tomato plants [33]. Although studies on the bloom thinning effect of
seaweed extracts are limited, our previous study on apple trees showed that the seaweed
extract is effective on the bloom thinning activity [34]. Among several compounds in the
seaweed extract, alginate is one of the major components. Alginate is an anionic polymer
with cross-linking properties and can be used for many biomedical applications [35].
It can promote plant growth and defense by coating plant roots and seeds [36,37]. Our BTF
contains 18% of seaweed extract. It would be interesting to investigate the role of a bioactive
compound, such as alginate, on the bloom thinning process of fruit trees in the future.

Medicinal plants contain various bioactive compounds that exhibit pharmacological ef-
fects on humans and animals as well as antioxidant and immune effects in plants. Our BTF
contained extracts of Korean ginseng Panax ginseng (Apiales: Araliaceae), Chenopodium
ambrosioides (Caryophyllales: Amaranthaceae), Houttuynia cordata (Piperales: Saururaceae),
and Bupleurum falcatum (Apiales: Apiaceae). These plant extracts contain various bioactive
compounds, such as glycosides, polysaccharides, amino acids, flavonoids, terpenoids,
and minerals [38-41]. Regarding which components of BTF act on the bloom thinning pro-
cess of mango trees, our results suggest that certain bioactive compounds or a combination
of these extracts stimulate the bloom thinning activity of mango trees. We hypothesized that
the BTF treatment might allow early bloomed flowers to accelerate fruit setting, which in-
duced rapid fruit growth. This phenomenon may induce more nutrient supply in the fruits
than fruits that set late. The nutritional deficiency of fruits that set late result in a loss of
vitality and induce physiological fruit drop of late-bloomed flowers. Further studies are
necessary to identify the compounds that thin out blossoms or fruits as well as their mode
of action on the thinning process in mango trees.

The timing of the thinning agent treatment coincides with the active time of insect
pollinators, which are actively foraging flowers in the blooming season [1]. The present
study demonstrated BTF extract’s lack of influence on the olfactory behavior of honey
bees. The results of Y-olfactometer analysis showed that there were no clear behavioral
changes (attraction or repulsion) of worker honey bees with respect to each component of
the developed BTF. Although the honey bees respond to the different concentrations of
BTF but spent a similar amount of time in the Y-tube. This result suggests that our BTF can
be used in the blooming season without any behavioral effects on insect pollinators.
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5. Conclusions

The spray of a newly developed eco-friendly BTF revealed superior thinning efficacy
by inducing a reduced number but larger mango fruits. In addition, the Y-tube olfactometer
experiment showed that BTF did not change the olfactory behavior of A. mellifera, a major
insect pollinator. These results suggest that the newly developed BTF can be applied in
mango orchards without disturbing honey bee behavior.
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