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Abstract: This study was carried out in 2015 and 2016 to investigate the use of ethephon and mepiquat chloride for reduction of
damage to flowering and fruit set caused by late spring frosts in Black Diamond plum. The single treatment of mepiquat chloride
delayed full blooming by 5 days, while the ethephon treatment delayed blooming by 7 days. The interactive effect of the chemicals
yielded more positive results in the delay of blooming, causing a delay of up to 11 days. An increase in fruit set was observed along with
blooming. The fruit set percentage of the control was 4.18%, while it reached 21.28% with the combination of the chemicals. Combined
or single applications of the chemicals resulted in a decrease in all phytochemical properties, except for vitamin C. In the control, total
anthocyanin, total phenol, soluble solids content, and antioxidant capacity were 67.95 mg 100 mL', 1056.00 mg L', 19.68%, and 27.05
mmol L, respectively. In the treatment groups these values were reduced to 39.02 mg 100 mL™', 854.90 mg L', 16.98%, and 21.32 mmol
L, respectively. An ethephon treatment of 4000 ppm led to blighted branches and gummosis. The combined effect of higher mepiquat
chloride (150 ppm) and lower ethephon (2000 ppm) doses are believed to contribute to reduction of damage caused by late spring frosts.
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1. Introduction
Plums belong to the subgenus Prunophora within the genus
Prunus and include species originating from Europe, Asia,
the Far East (Japanese plums), and North America such as
Prunus cerasifera, Prunus domestica, and Prunus salicina.
Plum plants grow in the wide climatic conditions of the
northern and southern hemispheres. Turkey is the gene
center of some plum species and has an important place in
plum growing (Celik et al., 2017).

Temperature increases due to climate change result
in the early blooming of fruit trees (Funes et al., 2016;
Szabo et al., 2017), while duration of the effects of late
spring frosts and related damage increase (Rahimi et al.,
2018). This threatens fruit trees, particularly stone fruit
and nuts, which bloom early and have short blooming
periods (Inouye, 2008; Mertoglu and Evrenosoglu, 2017).
To help combat this issue, changes among different
phenological phases in frost resistance were investigated.
The sensitivity of current genetic resources to late spring
frost were determined previously (Aygiin and $an, 2005;
Gunes, 2006; Latocha, 2008; Salazar-Gutierrez et al., 2014;
Matzneller et al., 2016; Sakar et al., 2017). Delaying the
blooming of fruit trees until after the late spring frosts and
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developing more cold-tolerant cultivars are reported to be
the most effective methods to address these issues (Dicenta
et al., 2017). Positive results were obtained in selection
and breeding studies with this aim, and breeding of late-
blooming cultivars with good fruit quality was reported
to be the most efficient method in the long term (Akca
and Ozongun, 2004; Imrak et al., 2017; Khadivi-Khub and
Khalili, 2017; Prudencio et al., 2018). The identification
of the genes controlling blooming and fruit traits and
the use of parents that harbor positive traits are of great
importance in obtaining cultivars that have the desired
properties (Cai et al., 2018).

Air mixers and fogging units are not preferred for
short-term elimination of the negative effects of late spring
frosts because of their high installation costs. Instead,
ethephon, abscisic acid, mepiquat chloride, antifreeze
proteins, methyl jasmonate, nitric oxide, and certain herbal
volatiles that prolong the duration of plastochron; delay
blooming; increase the resistance of buds, flowers, and
small fruits through differentiation; and reduce the rate
of photosynthesis or the amount of catalyzed substrates
are commonly used in plant growing (Krewer et al., 2005;
Grijalva-Contreras et al., 2011; Qrunfleh and Read, 2013;
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Duman and Wisniewski, 2014; Mohammadi et al., 2015;
Pakkish and Tabatabaienia, 2016). However, the excessive
and untimely use of these chemicals results in negative
outcomes such as the abscission of buds and flowers,
gummosis, and irregular and reduced fruit set (Coneva
and Cline, 2009; Mertoglu and Evrenosoglu, 2017). Thus,
the timing and the dose of chemical treatments are of great
importance. Furthermore, along with the physiological
changes caused by the use of chemicals, changes are
observed in the phytochemical properties of fruit
(Saavedra et al., 2016; Korkmaz and Askin, 2017; Einhorn
and Arrington, 2018).

The main aim of this study was to determine the effects
of single or combined applications of mepiquat chloride
and ethephon on late blooming in the Black Diamond
plum cultivar in order to reduce the damage caused by
late spring frosts. In addition, the effects of plant growth
regulators on soluble solids content (SSC), vitamin C, total
anthocyanin, total phenolics, and the antioxidant capacity
of plum fruit at commercial harvest were determined.

2. Materials and methods

2.1. Plant materials and experimental treatments

The study was carried out in 2015 and 2016 with three
replications (3 trees for each treatment) and designed
in accordance with the randomized plot factorial
experimental design by forming nine treatment
combinations that comprised three different levels

[0/0 (control); 0/75; 0/150; 2000/0; 2000/75; 2000/150;
4000/0; 4000/75; and 4000/150] of each of the two factors
[ethephon (0-2000 and 4000 ppm) and mepiquat chloride
(0-75 and 150 ppm)].

The Black Diamond plum cultivar (Prunus salicina
Lindell), grown in the experimental field of the Eskisehir
Osmangazi University Faculty of Agriculture, was used
as the material. The cultivars were planted in 2011 after
grafting onto seedling rootstocks. Table 1 shows the
climatic data of the experimental area. The phytochemical
analyses were performed in the pomology laboratory of
the Agricultural Sciences and Technology Department of
Isparta Applied Sciences University. Two different plant
growth regulators were applied both to the underground
and upper organs of the plants. The method is based on
the fact that ethephon (AGROBEST, Ethun; 480 g L
ethephon) applied to the aerial parts of plants is rapidly
absorbed through stomas, lenticels, and hydathodes,
while mepiquat chloride (BASE Pix; 50 g L' mepiquat
chloride) is absorbed through the roots at a slower pace
(Mertoglu and Evrenosoglu, 2017). To allow the access of
mepiquat chloride to the effective root depth, the plants
were irrigated until they reached field capacity, and the
next day (20 February), 15 L of mepiquat chloride-water
solution was given to the plants using the root irrigation
method. The ethephon-water solution was sprayed onto
the upper parts of the plants using a knapsack pulverizator
on 1 March when the daylight temperatures reached

Table 1. Mean weather data for the related months in Eskisehir in 2015 and 2016.

Monthly number | Lowest Mean Mean monthly 50-cm | Total rainfall | Mean humidity

of frost days temperature temperature soil temperature (mm) (%)
2015
March 10 -7.2 5.7 7.3 38.9 78.6
April 13 -4.7 7.8 9.8 26.6 68.2
May 0 33 15.8 17.1 47.8 68.1
June 0 5.8 17.1 18.2 151.1 81.0
July 0 10.1 22.0 21.3 0 63.3
August 0 9.6 22.8 22.9 37.2 66.1
September 0 8.9 21.0 22.6 3.1 64.9
2016
March 9 -6.7 7.5 8.6 41.2 70.3
April 2 -1.9 12.9 12.4 36.7 64.5
May 0 2.8 14.1 15.6 44.7 74.2
June 0 4.8 21.0 21.0 6.3 62.1
July 0 10.4 22.8 24.5 14.5 58.3
August 0 9.6 22.8 242 27.7 66.0
September |0 2.3 17.8 21.1 31.7 64.9
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about 10 °C. The chemicals were applied according to the
instructions provided by the producers and the relevant
literature (Wang et al., 2014; Mertoglu and Evrenosoglu,
2017).

After the bud swell period, daily observations were
carried out in the field to record the blooming dates of
the plum trees. The first group to enter the full blooming
period was chosen as the control. The blooming dates of
other plants were recorded as + days with respect to the
control.

For the determination of fruit set percentage (%),
a minimum of 500 bloomed or blooming flowers in
four different directions on the plants were counted and
labeled as parallel for each replication. On the 40th day
after enumeration, the number of fruits was divided by the
number of flowers and multiplied by 100 to calculate the
fruit set percentage (Mertoglu et al., 2018).

For phytochemical analyses, the fruits of each tree
belonging to each treatment were harvested without
mixing with fruits from other trees and divided into three
parallels, each consisting of 50 fruits (in total: 3 trees, 9
parallels, and 150 fruits for each treatment). Fruits were
squeezed with a juice extractor to obtain their juices. The
fruits were harvested at consumption maturity in August
according to sense of taste (Arion et al., 2014). A digital
refractometer (Atago PR-32, Japan) was used to determine
total SSC and results were expressed as a percentage (%)
(Ercisli et al., 2011).

First, juices were centrifuged, and the upper parts
of the solutions were used directly for phytochemical
analyses. Total polyphenol content was determined using
the colorimetric reaction with Folin-Ciocalteu reagent
(Selcuk and Erkan, 2016). Gallic acid was used as an
external standard for the calibration curve, and the results
were expressed as milligrams of gallic acid equivalent
(mg GAE L) of fruit juice. The antioxidant activity of
juices was determined using the ABTS + radical cation
decolorization assay, as described by Giindogdu (2019).
Antioxidant activity was calculated using the ratio of
the regression coefficient of the dose response curve and
expressed in terms of millimoles of trolox equivalents per
liter of fruit juice. Total monomeric anthocyanin content
was determined using the pH differential method as
described by Selguk and Erkan (2016). Total anthocyanins
were calculated as cyanidin-3-glucoside and expressed in
terms of milligrams of cyanidin-3-glucoside per 100 mL
of fruit juice. Ascorbic acid content in fruit juices was
estimated using the volumetric method. For this purpose,
juices were titrated with potassium iodate, in which starch
was used as an indicator. Results were given in mg 100
mL™" (Spinola et al., 2013). Phytochemical analyses were
conducted when the last treatment group was harvested
each year. The juices of the previously harvested groups
were stored at -20 °C.
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2.2. Statistical analysis

In the statistical model of the study years, ethephon and
mepiquat chloride were regarded as independent factors.
SPSS 18 (SPSS Inc., Chicago, IL, USA) was used for
statistical analyses of the effects of the treatments on the
investigated properties. Before the application of repeated
ANOVA, transformation was applied to the total SSC, total
phenol, anthocyanin, vitamin C, and antioxidant activity
properties, while the delayed blooming property was

3
transformed with |X; + 3 and fruit set was transformed

using the reverse angle transformation (Zar, 2013). The
differences between the levels and interactions of the
factors were revealed using the Tukey HSD multiple
comparison test at a significance level of 5%.

3. Results and discussion

The effects of ethephon, mepiquat chloride, and year on
the properties investigated in this study were determined
to be significant, except for vitamin C. The binary and
ternary interactions of these factors were also significant
for certain properties.

Ethephon was more effective for delay of blooming
when compared with mepiquat chloride. The mean values
obtained in 2015 and 2016 showed that in the single
applications of mepiquat chloride, blooming was delayed
by between 4.0 and 5.3 days, while it was delayed between
6.3 and 7.7 days in the single applications of ethephon.
However, the combined effects of the chemicals yielded
better results, and blooming was delayed between 8.3 and
10.7 days in the combined applications of the chemicals
(Table 2).

Compared with 2016, blooming was relatively more
delayed in 2015, during which cooler climatic conditions
were observed (Table 1; Figure 1). Indeed, blooming was
delayed for an average of 8.59 days in 2015 and 7.41 days
in 2016 (Table 2). Mertoglu et al. (2018) reported that the
blooming period was shorter when temperatures were
higher, and vice versa.

Ethephon and mepiquat chloride inhibit enzyme
activation by inhibiting the production and function of
gibberellins and gibberellin derivatives, especially during
the early phenological period (Wang et al., 2014). Mepiquat
chloride reduces the activity of ribulose bisphosphate
(RuBP), which is a CO, acceptor. The reduction in RuBP
activity results in decreased catalyzed substrate amounts
and thus decreased assimilation (Reddy et al., 1996). These
effects of the chemicals lead to limited energy production
and transfer (Polat et al., 2017). This affects the duration
of plastochron and prolongs the time needed by flower
buds to open (Krewer et al., 2005; Grijalva-Contreras et
al., 2011; Wang et al., 2014). In the current study, the single
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Table 2. Bloom delay, fruit set, and phytochemical characteristics of treatment combinations.

Treatment combinations tl))lelay i.n Fruit set Total anthocyanin | Total phenol Vitamin C Anj[ic.:)xidant
. ooming (%) (mg 100 mL™") (mgL™) (mg 100 mL™) $8C (%) activity B

M. chloride | Ethephon | (+ days) (mmol L)

0 0 0.0¢ 4.18 £ 0.81¢ 67.95 + 4.75 1056.00 £ 101.00* | 4.97 £ 0.29 19.68 +1.12 [27.05+1.10°

75 0 5.3 +0.43¢ [1598 +0.78> |39.02 + 4.46¢ 855.80 + 82.20° 520+0.23 17.12+£0.99 |21.32 +1.35

150 0 4.0 +0.54¢ 13.73 + 0.45¢ 44.85 +3.81«¢ 921.40 + 61.10® 5.17 £0.26 17.45+0.87 |[24.33 +0.43¢

0 2000 6.3 £0.43¢ 14.58 + 146 |52.58 + 6.10"¢ 873.70 + 21.80® 5.90+0.43 1723 £0.40 [22.02+0.19¢

0 4000 7.7 +0.48° 7.74 £ 0.47¢ 41.08 +3.92¢¢ 854.90 + 37.30° 523+0.29 16.98 £0.91 |21.63 +0.56

75 2000 8.3 +0.34° 17.71 + 1.32° 54.57 + 3.15%¢ 945.90 + 35.60% 510+0.13 17.37 £0.26 | 24.50 + 0.33¢

150 2000 9.5+0.33* 21.28 £0.75* 52.73 +7.23bd 985.30 + 83.50% 4.85+0.20 16.23 +0.54 |23.07 + 1.36¢

75 4000 9.7 £ 0.48* 9.42 £ 0.60° 65.42 + 3.94% 1054.00 + 102.00* | 5.53 £0.25 18.32+0.88 |25.23+1.13°

150 4000 10.7 £0.31* |8.26 +0.32¢ 55.85 + 3.87%¢ 987.80 + 90.40% 4.82+0.23 17.15+0.70 |24.03 + 1.37¢

Year

2015 8.59* 11.61° 45.35° 824.3° 5.10° 16.54° 21.81°

2016 7.41° 13.47° 59.99* 1074.4* 5.30° 18.47° 25.57*

ANOVA significance levels

Between subjects

Ethephon b b ns ns ns ns b

M. chloride b o ns ns ns ns ns

ExM e bk e ok ns ns bk

Within subject

Year ook ok ook - ns ook ork

Year x E ns ns ns ns ns ns b

Year x M ns ns ns ns ns ns b

Year x E x M ns ns ns ns ns ns b

*: P <0.05,**: P <0.01, ***: P < 0.001, ns: nonsignificant. Values sharing the same superscripted letter are not significantly different.

Figure 1. The differences between years in delayed blooming (A) and fruit set (B) with respect to treatment combinations.
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application of mepiquat chloride during the dormant
period delayed blooming up to 8 days, while the single
ethephon treatment yielded a delay in blooming up to 10
days (Figure 1).

The studies on delay of blooming using ethephon have
shown that blooming was delayed by 5 to 9 days in peach
trees depending on the year (Crisosto et al., 1989), 1 to 3
days in cherry trees depending on the cultivar (Engin et
al., 2004), 4 to 11 days in Japanese apricot (Paksasorn et
al., 1995), 12 to 15 days in pistachio (Askari et al., 2011),
5 to 7 days in cranberry (Krewer et al., 2005), 17 to 30
days in Physalis (Yadava, 2012), and 2 to 9 days in almond
(Grijalva-Contreras et al., 2011).

Combined applications of chemicals that have the same
purpose but different mechanisms of action obtain better
results (Jain et al., 2011). The results of this study showed
that the interaction between ethephon and mepiquat
chloride positively affected the delay in blooming. In the
combined application of the chemicals, blooming was
delayed by up to 12 days in 2015 (Figure 1). Mertoglu and
Evrenosoglu (2017) reported that the mepiquat chloride
treatment of the roots and ethephon treatment of the
upper parts of the Angeleno plum variety in the dormant
period resulted in a delay of 11 days. In a similar manner,
single applications of salicylic acid and methyl jasmonate
caused a delay of 3-4 days in the Elberta peach cultivar,
while the combined application of these chemicals delayed
blooming by up to 8 days (Mohammadi et al., 2015). The
blooming and small-fruit periods are when fruit trees are
the most susceptible to cold, so delaying full blooming
is important in order to recover from these periods with
minimal damage. Depending on their water content,
losses were observed in up to 90% of the buds, flowers, and
small fruit of plums. This was thought to be caused by frost
damage due to a drop in temperature to -5 °C for more
than 90 min (Palonen and Buszard, 1997). The results of
the present study revealed an increase in the fruit set with
delayed blooming compared to the control. The fruit set
in the control was 4.18%, while it reached 21.28% in 150
ppm Mep-Ch + 2000 ppm ethephon treatment (Table 2).
In plums it was reported that a fruit set of 20% in blooming
flowers is sufficient to obtain a high yield (Neumiiller,
2011). Increase in fruit set is also attributable to the
increased resistance of buds, flowers, and small fruit due
to the morphological and biochemical changes caused by
ethephon and mepiquat chloride. According to the results
obtained by Ye et al. (2016) and Kamran et al. (2018),
mepiquat chloride and ethephon increased resistance by
increasing the lignin and cellulose amounts in the plants.
Different studies have reported that ethephon-treated
flower pistils showed dehydration and reduced their
moisture content and sorbitol and saccharose contents
by increasing sucrose synthase activity (Durner and
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Gianfagna, 1991; Wang et al., 2013). The reduction of cell
size and the consequent increase in cell concentration led
to decreased freezing degrees and thus increased resistance
to cold (Angelcheva et al., 2014).

Harsh climatic conditions were observed in 2015, and
frost incidences occurred on a total of 23 days in the study
area in March and April, whereas in 2016 frost occurred
in the study area on a total of 11 days (Table 1). Brown
necrosis and darkening were observed in the flowers of
the frost-exposed plum trees of the control, whereas the
distinctive color and appearance of the flowers of the
treated plum trees indicated that the flowers of treated
trees were healthy (Figure 2).

In this study, the most successful results for the delay
of blooming were obtained with the interaction groups
that received 4000 ppm of ethephon (Table 2; Figure 1).
However, an ethephon level up to 4000 ppm caused blight,
especially in the spurs, i.e. primary fruit organs of the plants
and young branches (Figure 3). No yield was collected
from the blighted fruit branches. Blight reached 40% in
some trees, and irregular fruit set was observed in these
trees in the following period. Hence, the application of
4000 ppm ethephon for delayed blooming is undesirable.

Figure 2. Blooming conditions after frost in the control and
chemical-treated plum trees (treated trees are located in the
front; control trees are located in the back).
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Figure 3. Physical damage in plum tree treated with 4000 ppm
ethephon.

Despite its positive effects, the excessive and untimely use
of ethephon can result in negative outcomes such as the
abscission of buds and flowers, gummosis, and irregular
and reduced fruit set (Coneva and Cline, 2009; Mertoglu
and Evrenosoglu, 2017). The adverse effects that were
observed with the application of 4000 ppm ethephon
were not observed in 2000 ppm ethylene groups.

All phytochemical properties were higher in
2016, when budding occurred earlier, and ripening
of fruit took place during a longer vegetation period
(Figure 4). Plant biochemistry varies depending on
changing environmental conditions (Johansen et al.,
2017; Molmann et al., 2018). As the time spent under
optimum incubation conditions increases, the amounts
of anthocyanin, saccharose, and phenolic acid, which
are produced until a certain stage of ripening, increase
as well (Riedel et al., 2012; Saw et al., 2012; Wang et al.,
2013).

Single and combined applications of the chemicals
resulted in decreases in the amounts of phytochemical
properties, except for vitamin C. Total anthocyanin, total
phenol, SSC, and antioxidant activity of the control were
67.95 mg 100 mL™, 1056.00 mg L™, 19.68%, and 27.05

mmol L, respectively, while in the treatment groups,
they were reduced to 39.02 mg 100 mL™" (75/0), 854.90
mg L™ (0/4000), 16.98% (0/4000), and 21.32 mmol L™
(75/0), respectively (Table 2). However, the decreases
in the phytochemical properties were not associated
with the chemicals; they were attributed to increased
conversion of the assimilation products into fruit.
Accordingly, in the control, the mean fruit set between
the two years was 4.18%, while it reached 21.28% in
the treatment groups (Table 2). Decreases in chemical
properties of the fruits as fruit load per plant increases
have been reported in many fruit species, including
peach (Meitei et al., 2013), jujube (Galindo et al., 2015),
and plum (Rajput and Bhatia, 2017).

Previous studies have shown that ethylene increased
the amounts of phenolic compounds and anthocyanin
by increasing the activity of phenylalanine ammonia
lyase and tyrosine aminotransferase in Vitis (Saw et al.,
2012; Liang et al., 2013); increased sugar accumulation
by increasing the activity of sucrose synthase, sucrose
phosphate synthase, and acid invertase in Saccharum
(Jainetal.,2011); and increased the rate of photosynthesis
by increasing the efficiency of photosynthetic nitrogen
use in Brassica (Khan and Khan, 2014). Mepiquat
chloride increases photosynthetic activity by regulating
the nif genes in Bradyrhizobium (Chen et al.,, 2015),
promotes the production of phenolic compounds in
Gossypium (Jafari et al., 2018), and increases protein
synthesis by increasing the activity of proline oxidase in
Xerophyta (Mundree et al., 2002). The increased need
for assimilation products due to increased fruit load is
thought to be met through these pathways.

In conclusion, in recent years, both the frequency
and the severity of late spring frosts have increased
due to global climate change. Late spring frosts affect
fruit trees when they are most susceptible to cold and
severely damage buds, flowers, small fruit, and fresh
leaves, eventually leading to decreased yield. The
delaying of blooming in early-blooming fruit species
and fruit species with short blooming periods minimizes
the damage caused by late spring frosts. The present
study showed that ethephon and mepiquat chloride
successfully delayed the blooming period in plums,
and their cumulative effects yielded better results. With
delayed blooming, the damage caused by late spring
frosts was reduced and fruit set was increased. Use of the
chemicals resulted in reduced phytochemical properties
in fruit; however, these decreases were attributed to the
increased yield per plant that comes with increased fruit
set, not from the negative effects of the chemicals. An
ethephon dose of 4000 ppm caused blight and gummosis
in plants. The best results were obtained with the use of
2000 ppm ethephon and 150 ppm mepiquat chloride.
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Figure 4. The changes between years in total phenol (A), total anthocyanin (B), soluble solids content (C), antioxidant capacity (D), and
vitamin C (E) with respect to treatment combinations.
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