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Effects of Streptomycin on Pollen Germination, Ovule
Development and Fruit Quality of 'Kyoho' Grape

Po-Yuan Chen?  Ching-Cheng Chen?
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Summary

In this study, we investigated the mechanism of seedlessness induced by streptomycin
application in 'Kyoho' grape and the effects of GAs (gibberellic acid) and CPPU (fulmet) on
seedless berry enlargement and fruit quality. The results suggested that the inhibition of ovule
development was the major cause of seedlessness induced by streptomycin and abnormalities in
pollen tube had minor effect. For the fruit quality, with increments in GAz; or CPPU application
frequency, the berry size was significantly enlarged. However, CPPU application 20 days after
blooming (DAB) caused poor skin coloration, lower total soluble solids content, and higher
titratable acidity. Furthermore, CPPU application during blooming and 20 DAB could induce
lignification of seed trace, which lowered the seedlessness rate.

Introduction

Grape (Vitis spp.) is one of the most important fruit crops in the world. Grape berry can be
utilized as table fruit, dried raisin, and for juice and wine-making. Due to consumer preference
for the convenience of eating seedless grapes, seedlessness has become a vital trait for decades.
Seedlessness is referred to as a fruit with a much-reduced number of seeds, traces of aborted seeds,
or no seed (Varoquaux et al., 2000). Seedless fruits can be distinguished into parthenocarpy and
stenospermocarpy (Varoquaux et al., 2000). Parthenocarpic grape develops without ovule
fertilization, however, the occurrence of pollination stimulates fruit set, e.g. '‘Black Corinth'
(Ledbetter and Ramming, 1989). Stenospermocarpic grape requires both pollination and
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fertilization to induce berry set and development, but the seeds are aborted during development,
therefore, stenospermocarpic grape contains aborted seeds, so-called seed traces (Ledbetter and
Ramming, 1989). In general, the berry size of stenospermocarpic grape is larger than the
parthenocarpic grape, because of the stimulation by pollination and fertilization. In addition, the
responses to berry enlargement agents, e.g. gibberellic acid (GAs), in stenospermocarpic grapes
are better than in parthenocarpic grapes. As a result, the majority of commercial seedless grapes
are stenospermocarpic cultivars, e.g. Thompson Seedless' (Ledbetter and Ramming, 1989;
Varoquaux et al., 2000; Rombough, 2002).

Ogasawara (1985) reported that pre-bloom application of 200 to 400 ppm streptomycin, an
antibiotic fungicide, on grape inflorescence induced stable and high percentage of seedlessness.
Since then, the technique of seedless grape induction by streptomycin has been well established
in Japan, but the relative studies are still scarce in Taiwan.

To have a better understanding of the mechanism of seedlessness caused by streptomycin,
the effects of streptomycin application on pollen germination, pollen tube growth, and ovule
development were investigated in this study. In addition, the fruit quality of seedless grapes and
the optimal enlargement treatment of seedless grapes were also analyzed.

Materials and Methods

Plant materials

In this study, 20-year-old 'Kyoho' grapevines (Vitis labruscana x V. vinifera) grafted on
Teleki 5C rootstocks cultivated in Viticulture Research Center, College of Agriculture and Natural
Resources, National Chung-Hsing University were used. The grapevines were subjected to
horizontal trellis system with X-shaped pruning. The vigorous fruiting shoots were used and only
one inflorescence was retained on each shoot.
Pollen germination rate and pollen tube morphology
Experiment 1.

The inflorescences were dipped in 300 ppm streptomycin solution (contained 0.05 % Tween
20) (streptomycin sulfate, USB corporation) about 7 days before blooming (2020/03/15) and no
treatment was applied to the control (CK). During the blooming (2020/03/22), 5 mature un-
opened flowerlets were collected from the basal, middle, and distant part of the inflorescence in
each replicate, 3 replicates per treatment. A total of 15 anthers (3 anthers from each flowerlet)
were put into a 1.5 mL microtube containing 1 mL Brewbaker and Kwack (B&K) medium (10%
sucrose, 100 ppm boric acid (HsBOs), 100 ppm potassium nitrate (KNOs), 300 ppm magnesium
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sulfate (MgSQO47 H20), and 300 ppm calcium nitrate (Ca(NQOs)2-4 H,0)) (Brewbaker and Kwack,
1963). The microtubes with anthers were vortexed until pollens were suspended evenly in the
medium and 0.3 mL of the suspension was pipetted into a double concave slide followed by
incubating at 25 °C in a dark incubator for 2 hours. The pollen germination was examined through
a light microscope (Nikon/Eclipse Ci-S); 3 different regions were inspected in a replicate. A pollen
was considered germinated when the length of its tube was two time longer than the grain diameter.
The percentage of abnormal pollen tube was also calculated, which included abnormal callose
plug, swollen wall, swollen tip, and forked tip.

Experiment 2.

The inflorescences were dipped in 300 ppm streptomycin solution about 5 days before
blooming (2020/08/07), no treatment was applied to the control (CK). The flowerlets were
collected at anthesis (2020/08/12) and the pollen grain suspension was made as Exp. 1. The
suspension was pipetted into a 90 mm petri dish containing B&K medium with 1 % agar and the
pollen grains were incubated and examined as in Exp. 1. After the examination was completed,
the pollen tubes were stained with 0.1 M K3PO4 containing 0.1 % aniline blue and observed
through a fluorescence microscope (lamp: Model C-SHG1, Nikon; filter B-2A, Nikon).

In vivo pollen tube observation

The inflorescences were dipped in 300 ppm streptomycin solution (contained 0.05 % Tween
20) about 7 days before blooming (2020/03/15) (treatment before blooming, TBB) or during
blooming (2020/03/22) (treatment during blooming, TDB) and no treatment was applied to the
control (CK). The ovaries of each treatment were collected 3 days after blooming and fixed with
50 % EtOH in vacuum until the ovaries sank and then stored at 4 °C until further use. The ovaries
were macerated with 2 M NaOH at 60 °C oven for 24 hours and washed with distilled water
followed by stained with 0.1 M K3PO, containing 0.1 % aniline blue for 12 hours. The ovaries
were placed on a slide glass and gently crushed by a cover glass and then kept in the dark until
observed by using a fluorescence microscope.

Ovule development

The inflorescences were dipped in 300 ppm streptomycin solution (contained 0.05 % Tween
20) about 7 TBB or TDB and no treatment was applied to CK. The ovaries of 2020 winter crop
(2020/08) were collected during blooming, 3 days, 5days, 8 days, and 11 days after blooming.
The ovaries of summer crop (2021/03-04) were collected during blooming, 4 days, 7days, and 10
days after blooming. Ovule development was examined on cross-sections of berries. The number
of normally developed ovule per berry was calculated at 11days (winter crop) and 10 days
(summer crop) after blooming, respectively.
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Hand-pollination experiment

Bud-break of two 'Kyoho' vines was induced by hydrogen cyanamide application at one-
week interval. The early-vine was a pollen donor and the later-vine was a pollen acceptor.
Inflorescences and the pollens of pollen donor vine was separated into two groups, treated with
300 ppm streptomycin 7 days before blooming (ST) and non-treated (NT). During the donor vine
blooming, the opened flowerlets were discarded and the anthers of unopened mature flowers were
collected. The anthers were air-dried at 25 °C and sieved through a 210 um pollen sieve followed
by weighting and storing the pollens at 4 °C until further use. The same streptomycin treatments
were applied to the inflorescences of pollen acceptor vine as well. The pollen acceptor
inflorescences were trimmed to a distance of 3-5 cm from the inflorescence tip, followed by
emasculation and bagging 1 day before blooming. During the blooming, the pollens were mixed
with lycopodium powder (p & 3 v 7 $k ;% £ 4+) at ratio 1:1 and pollinated by a brush which
was wetted by 10% sucrose solution, followed by bagging to prevent the flowerlets pollinated by
other pollens. Berry fresh weight, seedlessness, and seeds per berry were investigated at harvest
(82 days after blooming). Notably, a berry with seed trace whose length was over 2 mm and with
lignified seed coat was considered as a seeded berry.
Fruit quality

The inflorescences of 'Kyoho' grapes were dipped in 300 ppm streptomycin solution at EL
stage 17 (Coombe, 1995) (about 7 days or 4-7 days before blooming in summer crop or winter
crop, respectively) when the flowerlets were separated. The inflorescences were trimmed to 5 cm
on the distant end. After fruit set, each cluster was thinned to about 35 berries. The experimental
designs were described in Table 1 (summer crop) and Table 2 (winter crop). The summer and
winter crop grapes were harvested 85 days and 83 days after blooming, respectively. After harvest,
fruit quality was evaluated. Seedless berries were defined as no seed or the length of seed trace
was less than 2 mm; 10 berries were randomly selected for each replicate. Berry color index was
measured by using a purple and black grape color chart (The Ministry of Agriculture, Forestry
and Fisheries of Japan); 10 berries per replicate. Total soluble solids (TSS) was measured by a
digital pocket refractometer (PAL-1, ATAGO, Japan) and titratable acidity (TA) was measured by
an auto-titrator (T1M-840, Radiometer Analytical, France).



Table 1. The experimental design for 'Kyoho' summer crop in 2021.
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7 DBB? DB 10 DAB 20 DAB
Treatment
3/17 3/23 4/2 4/12
CK - - - -
A SM 300 ppm? GA; 12.5 ppm + GA: 25 ppm -
CPPU 5 ppm
B SM 300 ppm GA: 1 ppm + GA; 15 ppm + GA:30 ppm
CPPU 5 ppm CPPU 5 ppm
C SM 300 ppm GA: 1 ppm + GA; 15 ppm + GA: 30 ppm +
CPPU 5 ppm CPPU 5 ppm CPPU 10 ppm
D - SM 300 ppm + GA3 25 ppm -
GA; 12.5 ppm +
CPPU 5 ppm
’DBB, days before blooming; DB, during blooming; DAB, days after blooming.
YSM, streptomycin.
Each treatment had 10 replicates.
Table 2. The experimental design for 'Kyoho' winter crop in 2021.
4-7 DBB* DB 10 DAB 20 DAB
Treatment
8/22 8/29 9/8 9/18
CK - - - -
A SM 300 ppmY GA; 12.5 ppm GA:z 25 ppm + -
CPPU 5 ppm
B SM 300 ppm GA:z 1ppm GAz 15 ppm + GAz 30 ppm
CPPU 5 ppm
C SM 300 ppm GA; 1ppm GA; 15 ppm + GA; 30 ppm +
CPPU 5 ppm CPPU 10 ppm
D - SM 300 ppm + GA:z 25 ppm + -
GA3 12.5 ppm CPPU 5 ppm

’DBB, days before blooming; DB, during blooming; DAB, days after blooming.

YSM, streptomycin.
Each treatment had 8 replicates.
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Results
Pollen germination, pollen tube morphology and ovule development

Pollen germination rate was 1.5 % in streptomycin treatment which was significantly lower
than the control (30.4 %) in summer crop. However, there was no significant difference between
treatments in winter crop (Table 3). Pollen tube in both the control and streptomycin treatment
showed some abnormity, including abnormal callose plug, swollen wall, swollen tip, and forked
tip (Fig. 1). The abnormal pollen tube rates of streptomycin-treated pollens were 49.3 % and 61.7
% in summer and winter crop, respectively, which were significantly higher than the control in
both crops (Table 3). Through in vivo pollen tube observation, it was found that pollens could
germinate on the stigma in both the control and streptomycin treatment before or during blooming.
Nevertheless, the majority of pollen tubes in streptomycin treatment were not able to penetrate
the stigma and grow through the style (Fig. 2).

The ovules of 'Kyoho' grape rapidly developed at 8 to 11 days after blooming, however, the
streptomycin treated ovules ceased to develop at 8 to 11 days after blooming (Fig. 3), which led
to a significant reduction in number of normally developed ovule per berry (Table 4).
Hand-pollination experiment

The seedlessness rate of streptomycin-treated inflorescences pollinated with streptomycin-
treated pollen or normal pollens was 100 % and 97.5 %, respectively. On the other hand, the
seedlessness rate of normal inflorescences pollinated with streptomycin-treated pollen or normal
pollens was 35 % and 16.7 %, respectively (Table 5).

Fruit quality in summer crop

All of the seedless 'Kyoho' grape berries, induced by streptomycin treatment, were
significantly smaller than the seeded berries (Table 6). Among the seedless treatments, the berries
treated with GAsor CPPU for 3 times (during blooming, 10 DAB, and 20 DAB) were significantly
larger than those treated twice (during blooming and 10 DAB) (Table 6). The C treatment, 15 ppm
GA; +5ppm CPPU at 10 DAB and 30 ppm GAz + 10 ppm CPPU at 20 DAB, showed significantly
poorer peel coloration and lower TSS comparing with the seeded control (Table 6 and Fig. 4). The
highest TA was also observed in the C treatment. The berries treated with 300 ppm streptomycin
at 7 DBB, 12.5 ppm GA3 + 5 ppm CPPU during blooming, and 25 ppm GA; at 10 DAB (treatment
A) induced 94 % seedlessness (Table 6). Despite the fact that treatment B and C showed about 70
% seedlessness rate, most of the seeds in seeded berries were abnormal seeds (data not shown),
the so-called floater, with empty embryo but lignified seed coat.

Fruit quality in winter crop

Seeded 'Kyoho' berries were significantly smaller than the seedless berries (Table 7). In all

the seedless treatments, application of 300 ppm streptomycin at 7 DBB, 1 ppm GA; during
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blooming, 15 ppm GAsz + 5 ppm CPPU at 10 DAB, 30 ppm GA;at 20 DAB (treatment B) and
300 ppm streptomycin + 12.5 ppm GAs during blooming, 25 ppm GAs + 5 ppm CPPU at 10 DAB
(treatment D), showed the highest berry weight (Table 7). Application of 30 ppm GAz (B) or 30
ppm GAs + 10 ppm CPPU at 20 DAB (C) hindered the berry peel coloration and TSS
accumulation, but TA was not significantly affected, comparing with the seeded control (Table 7
and Fig. 4). Per-bloom application of 300 ppm streptomycin and 12.5 ppm GA; application during
blooming (treatment A) induced 99 % seedlessness, which was significantly higher than treatment
D (300 ppm streptomycin and 12.5 ppm GA;s application during blooming) (Table 7).

Table 3. In vitro pollen germination rate of 'Kyoho' grape in 2020 summer and winter crop.

Germination rate Abnormal pollen tube rate
Crop Treatment?
(%) (%)
CK 304+17.7 & 54+ 0 b
Summer
Streptomycin 15+ 1.0b 49.3+22.0a
i CK 239+149a 144+ 0.1b
Winter
Streptomycin 16.0+ 8.2 a 61.7+ 0.3a

2300 ppm streptomycin was applied 7-10 days and 4-7 days before blooming in 2020 summer
crop and winter crop, respectively.

YMean £ SD, n= 3. Different letters within the same column indicate significant differences
between the means by t-test (a=0.05). Percentage data were transformed by Arcsine
transformation before t-test.
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Table 4. Ovule development of 'Kyoho' grapes.

Crop Treatment? No. of normally developed ovule/berry
CK 15 + 05 @
Summer TBB 0 £0 b
TDB 0 0 b
CK 11 +0.6 a
Winter TBB 0103 b
TDB 01+£03 b

“CK, control; TBB, streptomycin treatment about 7 days before blooming; TDB, streptomycin
treatment during blooming.

YMean £ SD (n= 10). Different letters within the same column indicate significant differences of
the means by LSD test (o= 0.05)

Table 5. The results of hand-pollination experiment.

Treatment? Seedlessness (%) Berry weight (g) No. of seed/berry
NT x NT 16.7+17.0bY 75+11a 1.10+0.1a
NT x ST 35.0£129b 58+10b 070+ 0.1b
ST x ST 100 + 0 a 43+02c 0 0 c
ST x NT 975+ 50a 42+04c 0.03+0.1c

“NT, non- streptomycin- treated parents; ST, streptomycin- treated parents.

YMean £ SD (n= 4). Different letters within the same column indicate significant differences of
the means by LSD test (a= 0.05). Percentage data were transformed by Arcsine transformation
before LSD test. The mean imputation method was applied, due to the data missing in the NT x
NT and the ST x ST treatments.
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Table 6. Fruit qualities of 'Kyoho' grape in 2021 summer crop.

Treat- Berry Berry color TSS TA TSSITA Seedless-
ment*  weight (g) index (°Brix) (%) ratio ness (%)
CK 106+06 & 7.7+03b 195+ 04a 0.28+0.02c 702+ 6.1a 0% Oc
A 6.1£07c 82+07a 193+0.7a 031+0.02b 634+ 71b 94+10a
B 81+10b 78+03ab 184+ 06b 0.33+£0.02b 56.7+ 52c 72+17b
C 87+12b 65+07c 182+ 04b 037+0.02a 501+ 32d 69+17b
D 6.2+06c 74+06b 196+ 04a 033+0.03b 592+ 49bc 87+ 13a

ZCK, control; A, 300 ppm streptomycin was applied at about 7 DBB, 12.5 ppm GAzand 5 ppm CPPU were
applied DB, 25 ppm GA3; was applied at 10 DAB; B, 300 ppm streptomycin was applied at about 7 DBB,
1 ppm GAszand 5 ppm CPPU were applied DB, 15 ppm GAs and 5 ppm CPPU were applied at 10 DAB,
30 ppm GA3 was applied at 20 DAB; C, 300 ppm streptomycin was applied at about 7 DBB, 1 ppm GA3
and 5 ppm CPPU were applied DB, 15 ppm GAsz and 5 ppm CPPU were applied at 10 DAB, 30 ppm GA3
and 10ppm CPPU were applied at 20 DAB; D, 300 ppm streptomycin, 12.5 ppm GAs and 5 ppm CPPU
were applied DB, 25 ppm GA; was applied at 10 DAB.

YMean + SD, n= 10. Different letters within the same column indicate significant differences of the means
by the LSD test (a= 0.05). The rate of seedlessness data were transformed by Arcsine transformation before
LSD test.

Table 7. Fruit qualities of 'Kyoho' grape in 2021 winter crop.

Treat- Berry Berry color TSS TA TSSITA Seedless
ment?  weight (g) index (°Brix) (%) ratio -ness (%)
CK 73+£07c¢ 80+06a 201+05a 038+ 004a 533+60bc 0z 0d
A 85+ 07b 7.6+ 0.8ab 20.1+ 06a 035+ 0.03bc 583+ 6.2ab 99+ 4a
B 94+ 12a 70+0.7b 192+ 08bc 039+ 0.03a 492+ 55c¢c 96+ 5ab
C 85+ 06b 58+ 12c 188+ 11c 037+ 0.03ab 509+ 6.3c 89+ 14hc

D 94+07a 81+x06a 199+ 05ab 032+ 0.03c 629+ 6.2a 84+ 1l4c

“CK, control; A, 300 ppm streptomycin was applied at about 7 DBB, 12.5 ppm GA3 was applied DB, 25
ppm GAs and 5 ppm CPPU were applied at 10 DAB; B, 300 ppm streptomycin was applied at about 7
DBB, 1 ppm GAszwas applied DB, 15 ppm GAs and 5 ppm CPPU were applied at 10 DAB, 30 ppm GAszwas
applied 20 DAB; C, 300 ppm streptomycin was applied at about 7 DBB, 1 ppm GAszand was applied DB,
15 ppm GAsz and 5 ppm CPPU were applied at 10 DAB, 30 ppm GAs and 5 ppm CPPU were applied at 20
DAB; D, 300 ppm streptomycin and 12.5 ppm GAs were applied DB, 25 ppm GAz and 5 ppm CPPU were
applied at 10 DAB.

YMean £ SD, n= 8. Different letters within the same column indicate significant differences of the means
by the LSD test (a= 0.05). The rate of seedlessness and shattering rate data were transformed by Arcsine
transformation before LSD test.
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Fig. 1. Pollen tube morphology of 'Kyoho' grapes.

CK-A and CK-B, control pollen tube. SM-A, SM-B and SM-C, 300 ppm streptomycin was
applied about 7 days before blooming. The red arrows indicate normal callose deposition, the
white arrow indicates pollen grain, the green arrows indicate swollen pollen tube wall, the blue
arrow indicates swollen pollen tube tip, the yellow arrows indicate abnormal callose plug, and the
purple arrow indicate forked pollen tube tip. The experiment was conducted in August 2020.
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Fig. 2. Pollen tubes growth of 'Kyoho' grapes in vivo.

CK, control; TBB, streptomycin treatment about 7 days before blooming; TDB, streptomycin
treatment during blooming. The yellow arrows indicate the stigma of the ovary, and the blue
arrows indicate the style of the ovary. The yellow rounded particulates scattered on the stigma are
pollen grains, and the green tubes in the style are pollen tubes. The experiment was conducted in

March 2020.

Days after blooming

Fig. 3. Ovule development of 'Kyoho' grapes.

CK, control; TBB, streptomycin treatment about 7 days before blooming; TDB, streptomycin
treatment during blooming. Ovary (left), cross section of ovary (right). The red arrows indicate
normal ovules and the yellow arrows indicate ovules ceased to develop. The experiment was
conducted in August 2020. Bar = 1mm.
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Fig. 4 Fruit clusters of 'Kyoho' grape in 2021 summer crop and winter crop.

Discussion

Streptomycin treatment at 7 days before blooming decreased pollen germination rate in
summer crop, but not in winter crop, which indicated that the effect of streptomycin on pollen
germination was not the same in different seasons. Nevertheless, streptomycin application caused
a high proportion of abnormal pollen tube development in vivo and in vitro in both summer and
winter crop. Therefore, abnormality of pollen tubes led to poor ovule fertilization could be a
possible factor of seedlessness induced by streptomycin application. Previous literatures also
reported that poor pollen germination, down-sizing pollen grains, and abnormal pollen tube
development can be induced by streptomycin application (Ogasawara, 1985; Thanarut and Yang,
2014). However, Kimura et al. (1996) referred that streptomycin application significantly induced
'Muscat Bailey A' grape seedlessness, but did not affect pollen germination rate. The ovules of
seeded 'Kyoho' berry started to rapidly develop 5-8 days after blooming; on the contrary, the
ovules of streptomycin-treated berry ceased to develop. The results of hand pollination
experiment demonstrated that streptomycin-treated inflorescences had significantly higher
seedlessness than non-treated ones. Baba et al. (2008) reported that 200 ppm streptomycin
application on 'Fujiminori' grape inflorescences about 2 weeks before blooming retarded egg
apparatus and embryo sac development, while inhibition of pollen germination was less
significant. The optimal timing of streptomycin application should be 3 to 1 weeks before full
blooming when embryo sacs was developing; hence streptomycin application may cause a certain
degree of damage to the developing embryo sacs, which gave rise to abortion of the embryo in
the following development (Baba et al., 2008). Taken together, inhibition of grape ovule
development could be the major factor of seedlessness induced by streptomycin application.
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Berry size, as an important index for high quality table grape, can be significantly affected
by the number of seeds per berry (Walker et al., 2005). Seedless grape berry lacks stimulation
from plant hormones produced by seeds, thus berry enlargement is subjected to be retarded.
Consequently, exogenous application of plant growth regulators has become a necessary
manipulation for the seedless grape production. Bordelon and Moore (1994) reported that GA
inhibited grape seed development, instead CPPU promoted seed and seed trace development of
stenospermocarpic grape. In the aspects of berry size, the responsivity of grape to CPPU
application during blooming and 20 DAB were not as high as application at 10 DAB. Zabadal
and Bukovac (2006) reported that CPPU application significantly induced berry enlargement
when berry’s diameters were 4-7 mm. The result may be associated with berry mesocarp cell
division, which speeds up at fruit set and slows down 3 weeks after blooming (Coombe and
McCarthy, 2000). Pérez et al. (2000) reported that GAs was the most efficient plant growth
regulator for grape berry enlargement. Moreover, application with GA; and CPPU mixture
induced greater berry weight than application with GAs or CPPU alone (Dokoolian et al., 1994).
Previous studies revealed that with an increce in the number of GA; and CPPU applications,
higher berry size, higher TA and lower TSS were observed (Ben-Tal, 1989; Peppi and Fidelibus,
2008), which are similar to our findings. To sum up, for the purpose of grape berry enlargement,
our study suggested that application of GA; and CPPU mixture at 10 DAB will be an essential
operation, and at 20 DAB, application of GA3 alone should be enough.

Grape peel coloration is regulated by genes, temperature, orchard management, and plant
growth regulators. In this study, the data showed that GA; + CPPU application at 20 DAB not
only hindered berry coloration, but also caused heterogeneous coloration within a cluster. On the
other hand, GA; + CPPU application at 10 DAB did not affect berry coloration. Previous
literatures suggested that CPPU application inhibited grape peel anthocyanin accumulation,
leading to poor coloration (Dokoozlian et al., 2000; Peppi and Fidelibus, 2008). Tyagi et al. (2021)
demonstrated that GAsz application did not affect grape peel coloration, nevertheless, CPPU or
CPPU + GA; application significantly reduced peel anthocyanin content by downregulating
expression of MYB14, MYB15, phenylpropanoid-related genes, and ripening-related genes. CPPU
application at 20 DAB should be avoided to prevent from poor coloration occurrence.
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