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Abstract: The aim of this study was to obtain information about the content of
endogenous hormones that causes flowers and fruit drop of wax apple. The
variables observed in the six stages of flower and fruit development that drop
easily and retention of indole-3-acetic acid (1AA), cytokinin (zeatin and kinetin),
gibberellins (GA,), 1-amino cyclopropane-1-carboxylic acid (ACC), total sugar,
and starch. Six stages of development of wax apple fruit: (1) Bud Development
(initial flowering) 0-3 days before anthesis. (2) Anthesis (perfect blooming flow-
ers), 0-7 days after anthesis. (3) Fruit set, 7-14 days after anthesis. (4) Fruit
development, 14-28 days after anthesis. (5) Fruit Maturation, 28-35 days after
anthesis. (6) Fruit ripening, 35-50 days after anthesis. The results showed that
the content of IAA, zeatin, GA,, and total sugar of flowers and fruit of wax
apple at 6 stages that would fall smaller than those of retention and ACC con-
tent and starch was higher in flower and fruits that drop easily than retention.
The kinetin content in the flower development that drop easily is smaller than
the retention but in the fruit development the kinetin content is not significant-
ly different between those that drop easily and retention.

1. Introduction

Water apple originates from the Southeast Asian region (Indonesia
and Malaysia), then spreads to the islands of the Pacific and North and
Central America. Generally, wax apple fruit is consumed as fresh fruit, but
it can also be made for salad and preparations such as pickles, syrups, jel-
lies, and cocktails. Water apple fruit is not only sweet and refreshing but
has diversity in appearance. Types of water apple are Syzygium aqueum
(water apple) and Syzygium samarangense (wax apple). The varieties of
Syzygium samarangense include Delima, Lilin, Camplong, Cincalo, Citra,
Kesuma, and Madu, (Kuswandi, 2008).

Corona Virus Disease (COVID-19) is originating from Wuhan, China
began to spread throughout the world from January 2020 to 31
December 2020, so there were 83,264,353 cases, with 1,816,164 deaths
from 218 affected countries (World Health Organization, 2020). No vac-
cine has been found to treat patients with the COVID-19 virus. According
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to the Ministry of Health of the Republic of Indonesia
(2020), prevention of viruses can be done by fre-
qguently washing hands, wearing masks, consuming
vegetables and fruit, exercise, and adequate rest.
One of the prevention efforts that can be done by
consuming fruits that contain Vitamin C to enhance
immunity. Every 100 g of wax apple fruit contains
22.3 ug of vitamin C (Asia-Pacific Association of
Agricultural Research Institutions, 2014). Therefore
wax apple is a tropical fruit that is cheap, easily
obtained, and contains vitamin C which can be used
as an alternative to increasing body immunity as a
preventative measure against the COVID-19 virus.

The main problem in the cultivation of wax apple
plants is the high drop of flowers and fruit. The high
rate drop of flowers and fruit causes a few numbers
of wax apple fruit that can be produced. Wax apple
drop fruit rate reaches 52% (Khandaker et al., 2016).
Fruit drop also occurs in other fruits, such as durian
flowers reach 95 to 100% (Suparto and Sakhidin,
2013), lychee fruit is 90 to 97% (Stern et al., 1995),
star fruit is 25 to 30% (Kurniawati and Hamim, 2009),
mangosteen flower is 14.1% and mangosteen fruit is
70.1% (Rai et al., 2008).

Dropped fruit is a natural phenomenon that occurs
in almost all types of fruit. Drop fruit, especially at the
beginning of fruit growth, is a mechanism for regulat-
ing autoregulation in each plant (Davarynejad et al.,
2009). Physiologically the loss of flowers and fruit cor-
relates with the limited supply of photosynthate and
nutrient adequacy (lglesias et al., 2007), as well as
hormonal regulation in the abscission zone
(Bangerth, 2000). Flower and fruit drop are also influ-
enced by endogenous hormone content in plants due
to high ethylene concentrations and low concentra-
tions of auxin and gibberellins. Auxin, gibberellins,
and ethylene are hormones that are directly related
to the process of flowers and fruit drop (Bangerth,
2000). Complex hormonal interactions occur during
fruit development. Gibberellins and cytokines gener-
ally stimulate fruit growth and auxin as a growth stim-
ulator and also as a fruit drop agent. Abscisic acid
(ABA) and ethylene are also involved in the process of
loss (Sakamoto et al., 2008). High ethylene concentra-
tions, low concentrations of auxin and gibberellins,
and high ABA concentrations in plants are the main
causes of drop fruit (Iglesias et al., 2007).

The causes of flower and fruit drop of the wax
apple due to imbalance of plant growth regulator as
well as cultivation and environmental engineering
factors, including pollination, fertilization, fruits set,
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lack of water and nutrition supply, pest attack, rain-
fall and wind (Khandaker et al., 2016). Research on
the use of synthetic Growth Plant Regulators (GPR) to
reduce the fruit drop of wax apple has been conduct-
ed by Khandaker et al. (2013), Khandaker et al.
(2016), 50 mg I'* Gibberellins (GA,), GA, produces the
lowest flower and fruit buds loss of 29% compared to
controls (not given GA, 36%). GA3 20 mg I reduced
fruit loss 32% compared to 52% control. 2-4-
Dichlorophenoxyacetid (2,4 D) 5 mg I reduces flower
and fruit bud loss by at least 30% and 18% compared
to 35% and 40% controls. Naphthaleneacetid Acid
(NAA) 5 mg I"* reduced the flower buds and fruits
drop as lower as 28% and 30% compared to 30% and
52% controls. The causes of flowers and fruit drop of
wax apple are because the content of endogenous
hormones is not yet known, so the application of
growth plant regulator given is not appropriate to
reduce the flowers and fruit drop.

Singh et al. (2017) the results of research on the
application of growth plant regulator on Khasi man-
darin (Citrus reticulata Blanco) showed an increase in
fruit retention and the number of fruit with the appli-
cation of Urea 1% + 2, 4-D 15 ppm (45.4% and 244, 3
fruits/tree), application of NAA 5 ppm + 2,4-D 10
ppm (44.3% and 241.6 fruit/tree) compared to con-
trols (17.3% fruit retention and 181 fruit/tree). NAA
treatment 15 ppm increased the proportion of cape
gooseberry cv. Aligarh is retention (71.40%) (Kaur
and Kaur, 2016).

The purpose of this study was to obtain informa-
tion on hormones that causes flower and fruit drop
at several stages of the development of wax apple
fruit and to obtain differences in the hormone con-
tent at how many stages of flower and fruit develop-
ment are easily dropped and retention.

2. Materials and Methods

The research used an experimental method from
May 2019 to April 2020. The experimental design
used was a Completely Randomized Design (CRD)
with the treatment being tried, namely flower and
fruit retention and drop easily of wax apple at six
stages fruit development: (1) Bud development (from
0 to 7 days before anthesis); (2) Anthesis (full bloom),
from 0 to 7 days after anthesis; (3) Fruit set (the for-
mation of finished fruit), from 7 to 14 days after
anthesis; (4) fruit development, from 14 to 28 days
after anthesis; (5) Fruit maturation, from 28 to 35
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days after anthesis; (6) Fruit ripening (from 35 to 50
days after anthesis). Experiment with 4 replications
and data analysis using t-test and advanced test
DMRT (Duncan Multiple Range Test). Flower and fruit
samples were taken from 46 wax apple plants,
Kajongan Village, Bojongsari District, Purbalingga
Regency, Central Java. The variables observed were
auxin content (IAA), cytokinins (zeatin and kinentin),
gibberellin (GA3), ACC (1-Aminocyclopropane 1-
Carboxylic Acid), total sugar, and starch.

The samples used for the study were flowers and
fruits from 6 stages of development of flowers and
water guava. Plants are 5 years old, plant spacing 8 m
x 9 m, with a height of £+ 7 m and have been fruiting
for the last 4 years. Temperature 25.8°C with 76%
humidity, sunlight intensity 571 Lux outside the
canopy, and under the canopy 529 Lux and soil pH
6.8. Organic cultivation of wax apple uses goat
manure at a dose of 100 Kg per plant per year.
Irrigation in the dry season with springs that are
channeled from a hose from a pipe made by the gar-
den. The results of soil analysis conducted at the
Postharvest Center of the Ministry of Agriculture,
inceptisol soil type, pH 6.14, organic C 0.769%, total
N 0.082%, available N 0.025%, total K 55.960 ppm, K
available 30.277 ppm, total P 45.189 ppm, and
1.321% organic matter.

The samples drop easily are taken from the flower
and fruit which when the branches or twigs are shak-
en fall out and after the fall there is a black abscission
layer on the flower stalk or fruit. The retention sam-
ples are wax apple flower and fruit which if the
branches or twigs are shaken not fall off, are still
attached to the plant, and usually, the flower stalk or
fruit is still present. The sample is placed in an icebox
containing blue ice and then taken to the Integrated
Research Laboratory, Jenderal Soedirman University
to be dried in a 2kxc bench top Vacuum Freeze Dryer.
Wax apple samples for bud development, anthesis,
and fruit set for 25 hours, and fruit development,
fruit maturation, fruit ripening for 55 hours with a
temperature of -70°C, and a pressure of 13,332.2 Pa
The contents of auxin (IAA), GA,, zeatin, kinetin, ACC,
total sugar, and starch were carried out at the
Chemical Laboratory, Center for Postharvest,
Ministry of Agriculture, Bogor, West Java, Indonesia.

Procedure for measuring hormone content (auxin,
cytokinin, and gibberellins) using HPLC (High-
Pressure Liquid Chromatography) at a wavelength of
214 nm, sample temperature of 10°C and column
temperature of 25°C, stationary phase using C-18.

The formula for hormone content by HPLC is sample
area divided by standard area multiplied by standard
concentration (Harborne, 1973). Measurement of
ACC content according to Lizada and Yang (1979),
using GC (Gas Chromatography). The formula for ACC
content in GC is sample area divided by standard
area multiplied by standard concentration.
Measurement of total sugar according to the
Indonesian National Standard (1992) using the Luff
Schoorl method. Starch calculation according to
Horwitz and Latimer (2006).

3. Results

Table 1 shows that the fruit drop easily having
lower IAA, zeatin, and GA, content than fruit reten-
tion in all phases of fruit development. The kinetin
content at the bud development, anthesis, and fruit
set stages that drop easily is lower than the reten-
tion, but the kinetin content at the fruit develop-
ment, fruit maturation and fruit ripening stages is not
significantly different in the fruit that drop easily dan
retention. While the ACC content of fruit that drops
easily is greater than that of retention.

Table 2 shows that the total sugar content at vari-
ous stages of flower and wax apple fruit develop-
ment in flower and fruit retention is higher than that
of drop easily. The content of starch in fruit retention
of various stages of development of the flower and
fruit is lower than those that are of drop easily.

4. Discussion and Conclusions

The IAA content in wax apple flower and fruit
which drops easily on bud development, anthesis,
fruit set, fruit development, fruit maturation, and
fruit ripening is lower than the retention flower and
fruit. This is according to Rai et al. (2008). The IAA
content of mangosteen flowers falling 3.37 ng gt is
lower than the retention rate of 8.80 ng g* dry
weight and IAA content in mangosteen fruit falling
0.83 ng gt is lower from the IAA content of 6.43 ng
g’ retention fruit. Sakhidin et al. (2011), the content
of IAA in mango fruit loss is lower than that of reten-
tion. Gadung 21 and Lali Jowo cultivars that will fall
age 6 and 9 days after anthesis are 5.96 and 3.86 10!
ug gt sample fresh weight and 4.48 and 4.12 10 pg
g! sample fresh weight. Mango fruit retention of
10.32 and 8.12 (10! pg gt sample fresh weight and
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Table 1 - The content of several hormones at the stage of development fruit of wax apple var. Citra

Flower and fruit development

Treatment Bud

Anthesis Fruit Fruit Fruit Fruit
development Set development maturation Ripening

IAA (ppm)

Retention 69.50 a 33.72a 47.40 a 57.02a 42.86 a 42.10a

Drop easily 142b 0.73 b 0.68 b 1.22b 0.78 b 0.41b
Zeatin (ppm)

Retention 2.18a 2.25a 3.29a 2.19a 2.59a 2.04a

Drop easily 0.17b 0.50 b 0.66 b 0.36b 0.03b 0.46 b
Kinetin (ppm)

Retention 4.36a 2.46a 1131 a 3.17a 3.30a 3.93a

Drop easily 2.16b 1.38b 2.96 b 3.05a 2.75a 2.39a
GA3 (ppm)

Retention 79.65a 68.08 a 90.47 a 68.25a 63.45a 57.72 a

Drop easily 28.63 b 16.13 b 20.14 b 26.69 b 17.57b 8.97b
ACC (ppm)

Retention 19.18 b 17.26 b 14.21b 14.13b 13.31b 12.14b

Drop easily 48.39 a 38.09 a 37.99a 35.75a 34.14 a 30.92a

The number followed by the same letter in the same column for each fruit development is not significantly different from the t-test at

p<0.05.

Table 2 - Total sugar content and starch content on stages of wax apple flower and fruit development

Flower and fruit development stage

Treatment Bud ) Fruit Fruit Fruit Fruit
development Anthesis set development maturation ripening
Total sugar content (%)
Retention 6.87 a 8.72a 11.38a 23.35a 28.93 a 32.59a
Drop easily 5.80b 7.60b 8.60 b 20.61b 26.36 b 28.66 b
Starch content (%)
Retention 17.23 b 16.29 a 14.52b 13.11b 11.02 b 8.77b
Drop easily 17.90 a 16.40 a 15.80a 13.89a 12.62 a 11.21a

The number followed by the same letter in the same column each fruit development is not significantly different in the t-test at the level

of p<0.05.

10.08 and 7.98 10! pg g sample fresh weight.
According to Kurniawati and Hamim (2009), star fruit
with an application of 15 ppm 2, 4-dichlorophenoxy-
acetic acid (2,4-D) contains 227 ppm IAA and 60 ppm
GA, applications have 221 ppm IAA.

The formation of the absicission layer at the stem
point that causes fruit drop is an imbalance of auxin,
cytokinin, and gibberellins (Chen et al., 2006). Flower
and fruit loss is also influenced by high ethylene con-
centrations and low IAA type auxin concentrations
and low gibberellins. Auxin and ethylene are hor-
mones that are directly related to the process of a
drop of flowers and fruit (Bangerth, 2000).

Auxin is often reported to delay or to induce fruit,
it increases cell enlargement rather than cell division.
This observation might indicate that auxin is related
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to cell enlargement, an essential factor controlling
fruit size during the rapid fruit growth phase.
Enlargement of fruits treated with auxin seems to be
due to cell expansion rather than cell division
(Iglesias et al., 2007).

Table 1 shows that the content of zeatin type
cytokinins and fruit kinetin that drop easily is smaller
than retention. This is because cytokinins function to
inhibit aging (Kieber and Schaller, 2018) so that the
flowers and fruits of wax apple which will fall at sev-
eral stages of development have a smaller zeatin
content compared to the retention seen in table 1.
The cytokinin content of both zeatin and kinetin at
the stage of development flowers and fruit of wax
apple was the highest at the fruit set stage.
According to Chen (1983), the cytokinin content
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increased in mango flowers maximum at 10 days
after anthesis and decreased gradually up to 50 days
after anthesis. This is consistent with Trueman
(2011), that high cytokinin concentrations in
macadamia fruit are retention. Cytokinins are pro-
duced in roots and young fruit (Pratima and Chawla,
2019).

Table 1 shows that the GA, content in several
stages of flower and fruit development will fall lower
than the retention of flowers and fruit. The GA3 con-
tent in fallen fruit was lower than that in retention
(Bains et al., 1997). The role of GA3 is able to stimu-
late plant growth and flowering, increase flowering
and reduce drop flower (Budiarto and Wuryaningsih,
2007). According to Kurniawati and Hamim (2009),
gibberellin and auxin can support fruit retention by
inducing the enzyme a-amylase to hydrolyze starch
to sugar that is needed for fruit growth and develop-
ment (Subiyanto, 1991). This can be seen in Table 1
that the increased auxin content also increases the
gibberellin content in retention flowers and fruits
compared to drop easily and in Table 2 flowers and
fruits retention have a higher total sugar content
than drop easily.

The ACC content of wax apple flowers and fruits
that drop easily is higher than the retention of flow-
ers and fruits are seen in Table 1. This is because the
ACC which is an ethylene precursor makes the drop
of flowers or fruits become higher (Wang et al.,
2002). The mango ACC content that drops easily is
higher than that of retention (Sakidin et al., 2011).
The ACC content of Gadung 21 and Lali Jiwo cultivars
which drop easily higher at the age of 3, 9, 12 days
after anthesis are 26.81, 35.78, 43.41 (10! mg g?)
sample fresh weights and 29.13, 29.35, 35.79 (10!
mg g!) sample fresh weight. The ACC content of
Gadung 21 and Lali Jiwo cultivars with age retention
of 3, 9, 12 days after anthesis is 26.81; 35.78; 43.41
(10 mg g?) fresh sample weights and 10.13; 13.66;
11.94 (10! mg g?) sample fresh weights (Sakhidin et
al., 2006).

Flower and ovary abscission occur in AZ-A
(Abscission Zone) located between branches and
flower stalks. Absence in the AZ-A zone starts from
the fruit set period and this negative effect is regulat-
ed by the content of gibberellins in the ovaries.
Fruitlet abscission during fruit drop in June at the end
of the fruitset period on AZ-C which is located in the
petals, between the flower disks and the ovarian
wall, and highly dependent on carbohydrate avail-
ability. Sugar in mature leaves is transported for fruit-

let growth and activates AZ-C (Iglesias et al., 2007).

According to Iglesias et al. (2007), the lack of car-
bon in fruitlets induces an increase in abscisic acid
(ABA) and ACC (1-Aminocyclopropane 1-Carboxylic
Acid) which are ethylene precursors. These precur-
sors are then oxidized to ethylene (C,H,) and release
of gases that cause fruit abscission. In contrast to the
development of fruitlets, in the process of cooking
the fruit accumulation of sugar in ripe fruit has a role
to induce the activation of abscission before harvest.
The balance between C,H, as a process accelerator,
and auxin (AUX) as an inhibitor, is one of the main
factors in the regulation of ripe fruit abscission.
Synthesis of auxin in young leaves and transported to
adult fruit as an inhibition inhibitor that protects AZ
from high C,H, content. The role of the regulation of
jasmonic acid (JA) in fruit reduction is thought to be
mediated through the stimulation of C,H, biosynthe-
sis. The balance between AUX and ABA in mature
fruits is also important in determining the sensitivity
of AZ-C for abscission stimulus because ACC is an
ethylene precursor (Wang et al., 2002).

Fruit abscission that occur during fruit develop-
ment due to the active abscission zone. The process
is induced by several environmental factors, competi-
tion in the use of assimilates, and internal hormone
content. The abscission zone on the mango is located
on the fruit stalk with a distance of several mm from
the fruit concave (where the fruit is attached to the
fruit stalk). From the biochemical and molecular
aspects, abscission occurs due to the active enzyme
R-1,4-endoglucanase (EG) and polygalacturonase
(PG). The two hydrolase enzymes are involved in
damage to plant cell walls that are responsible for
the drop of flowers and fruits. The specificity of the
abscission zone in responding to organ drop depends
on the sensitivity of the layer to ethylene (Bonghi et
al., 2000).

Control of fruit growth and abscission in oranges
is due to three regulatory factors: genetic, metabolic,
and environmental. All three of these affect hormon-
al signals in citrus plants (Iglesias et al., 2007).
Overall, these studies show that a complex set of
hormonal interactions occur during fruit develop-
ment. Thus, gibberellins (GAs) and cytokinins are
generally considered positive fruit growth regulators
while auxin has been reported to act as a growth
stimulator and also as an abscess agent. Abscisic acid
(ABA) and ethylene have been involved in several
ways in an abscess. Concentrations of IAA and GA3 in
fruit and fruit stalks that drop easily are lower than
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those in fruit retention and fruit stalks, fruits that will
fall out have high abscisic acid content. Drop fruit is
also caused by an increase in ethylene production.

Table 2 shows that the flower and fruit drop had a
lower total sugar content but a higher starch content
than the retention. This is following Stopar et al.
(2001), apples that drop easily have higher starch
content and lower sugar content compared to reten-
tion. Mangoes that pre-abscission have a lower total
sugar content and a higher starch than retention
(Sakhidin et al., 2011).

Total sugar content in flower and fruit develop-
ment of wax apple var. Citra of bud development,
anthesis, fruit set, fruit development, fruit matura-
tion, and fruit ripening stages 5.8, 7.6, 8.6, 20.16,
26.36, 28.66% lower in fruits that drop easily with
fruit retention of 6.87, 8.72, 11.38, 23.35, 28.93,
32.59%. This is in accordance with Rai et al., (2008),
carbohydrate content (total sugar) in leaves in flower
branches and mangosteen fruit which is lower (40.3
and 52.3 mg g leaf dry weight) compared to leaves
in branches that are flower and fruit retention (41.2
and 59.1 mg g! leaf dry weight). The retention of glu-
cose, fructose, and inverted sugar of wax apple fruit
was as follows: 8.9%, 8.9%, 8.7% var. Giant Green,
9.83%, 9.9%, 9.6% var. Masam manis pink, and
9.61%, 9.6%, 9.3% var Madu red (Khandaker et al.,
2011). This shows that the drop of flowers and fruit is
associated with a low supply of carbohydrates.
Limited carbohydrate sources affect the formation
and development of fruit (Pawar and Rana, 2019).

Increasing the rate of photosynthesis is very
important to produce carbohydrates during the
development of fruit sets (Iglesias et al., 2002). The
limited supply of photosynthate and nutritional sta-
tus of plants can limit the number of flowers that
develop into fruit that can be harvested (Rai et al.,
2008). In oranges, carbohydrate deficiencies produce
young fruit abscess by triggering an increase in ACC
levels (Gomez-Cadenas et al., 2000). Auxin applied to
trees that have yellow leaves due to low carbohy-
drate cannot prevent pre-harvest loss (Sakhidin et al.,
2006).

Table 2 shows that the starch content in flower
and fruit development stages of bud development,
anthesis, fruit set, fruit development, fruit matura-
tion, and fruit ripening 16.29, 14.52, 13.11, 11.02,
8.77% in fruit retention. The starch content in wax
apple is getting smaller as the fruit develops.
According to Muresan et al. (2015), the starch con-
tent was reduced in the early stages of fruit develop-

58

ment in the 3 apple varieties studied, then the starch
concentration increased significantly from 35 to 65
days after anthesis. Starch concentration gradually
decreases as the fruit ripens. This can be seen in
Table 2 that the starch content during the develop-
ment of the wax apple fruit is seen to decrease from
flower buds to fruit maturity, and in fruits that drop
easily the starch content is higher than that of reten-
tion.

It was concluded the content of IAA, zeatin,
kinetin, GA,, and total sugars at several stages of the
flower and fruit wax apple which drop easily lower
than that of retention and the ACC content and
starch are higher in fruit which drops easily than
retention. The endogenous hormone content of wax
apple flower and fruit that drop easily are as follows
IAA 0.41 to 1.42 ppm, zeatin 0.03 to 0.66 ppm,
kinetin 1.38 to 2.96 ppm, GA, 8.97 to 28.63 ppm, and
ACC 30.92 to 48.39 ppm. The wax apple fruit that
retention IAA content of 30.92 to 48.39 ppm, zeatin
2.04 to 3.29 ppm, kinetin 2.46 to 11.31 ppm, GA3
57.72 to 79.65 ppm, and ACC 30.92 to 48.39 ppm.
The total sugar content of wax apple flower and fruit
which drop easily from 5.8 to 28.66% is lower than
the retention rate of 6.87 to 32.59%. The content of
fruit starch that drops easily is 11.21 to 17.9% higher
than the retention of 8.77 to 17.23%. Actions that
can be taken to prevent the drop of wax apple fruit
by giving natural endogenous hormones contained in
other plant materials. This can be done after knowing
the content of auxin, zeatin, kinetin, gibberellins, and
ACC in wax apple fruit that drop easily or retention.
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