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Abstract. In order to study the relation between seasonal changes in phenolic compounds and
flower opining date according to chilling requirements. Variations in chilling requirements, bud
burst and development in early and late- opining apple varieties, Barkhar, Local and Strakhan
(Malus sylvestris) were investigated. Results showed less bud burst in late varieties than in early
ones. In the former, there were increase in phenolic compounds (conjugated and total phenols) at
budburst in all varieties. As dormancy free phenols increased, coinciding with a reduction in the
levels of conjugated phenols. Consequently, as dormancy breaks, these free phenols conjugates with
organic constituents, and a decrease in the concentrations of free phenols occurs, in order to reduce
inhibitory effect on growth. We conclude that late varieties (Strakhan) are less economical in
manufacturing new growth, as indicated by less bud vigor at budburst than early varieties (Barkhar
and local) and show a marked differential phenols compound pattern throughout bud development
compared to early varieties.

1. Introduction

Dormancy in deciduous fruit trees is a physiological syndrome occurring annually to enable
plants to survive cold winters. Deciduous trees require exposure to low winter temperatures is
called a chilling requirement to overcome dormancy and grow in the following spring (Howe et al.,
1999 and Arora ef al., 2003). Also, Njuguna et al. (2004) reported that, temperate zone fruit crops
undergo bud dormancy which can be described as a mechanism for avoiding the exposure of tender
flowers and leaves to low winter temperatures. The induction of dormancy occurs in response to
seasonal environmental signals. In most woody plants, shortening of the photoperiod induces
growth cessation, bud set, and in some degree, cold acclimatization. The subsequent drop in
temperature then leads to a greater tolerance to cold and leaf fall (Allona et al., 2010).

The relationship between plant phenols and bud dormancy as well as bud break was studied
by several workers (Morsi and El-Yazal, 2008 and Zahra et al., 2009). Plant phenol may be divided
into three groups, promotive, inhibitive and inactive. Promotion of plant growth by phenols may
proceed through the modulation of either IAA biosynthesis or its destruction (Kefeli and Kutacek,
1977). Also, Sagi and Garay (1961) reported that phenolic effect on plant growth was contributed to
the antagonism with indole acetic acids activity. Higher amounts of phenolic substances were found
in dormant buds, but lower amounts were found after bud release from dormancy, then phenols
increased until the start of bud expansion (Wang et al., 1991).The reduction in free phenols may be
attributed to conjugation with other molecules which increases the endogenous promoters and
reduction of endogenous inhibitors in buds that led to an increase in plant growth parameters. The
incidence, termination, regulation and management of dormancy were regulated by seasonal
changing in phenolic compound. (Seif El-Yazal and Rady, 2014). The majority of trees in
temperate climates fulfill a chilling requirement (CR) so as to overcome endodormancy (Campoy et
al. 2012). Therefore, the CR could variation by species, varieties, or growing regions (Stino, 1995,
Luedeling and Brown, 2011, Wang et al., 2012, Andreini et al., 2012). Cultivars with low CR
bloom and ripen earlier, whereas those with high CR bloom and ripen later (Scorza and Okie,
1990). CR constrains the acceptable areas of cultivation of the various commercially important tree
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species and cultivars around the world. If chilling requirement don't appear to be met, irregular,
delayed and asynchronous growth, flowering and fruit set are located inside the subsequent season
(Luedeling et al., 2009, Campoy et al., 2011).

Additionally, this research may help further studies to be performed on how chilling
requirement affect changes in the length to full bud break, plant regulators and help to express the
effect of phenolic compounds on flowering and yield

2. Materials and Methods

Thirteen year-old trees of ‘Barkhar, local and Strakhan’ apple trees (Malus sylvestris Mill.)
grafted on Malling-Merton 106 (MM 106) rootstock were designated willy-nilly, for a preliminary
study in 2016/2017, 2017/2018 and 2018/2019 seasons. All trees were full-grown within the wood
let (newly reclaimed saline chalky soil) of the Horticultural Station at Aboksah in Abshawai,
Fayoum, Egypt. For the most 2-seasons study, designated trees of every selection (n = 6) were
tagged in November 2016 and 2017, and sampled from September—March 2017/2018 and 2018/
2019. Trees chosen for the study within the Ist season were not the identical trees that were
designated for the second season. Every tree was designed together replicate, and every selection
enclosed six trees (total n = 18)

Quantification of chilling requirements

In this study, from Nov to March, apple branches from every variety were collected each
fifteen days and cultivated in artificial lighting setup with water to see the bud dormancy emotional
time (50% bud break). Moreover, the quantity of chilling hours (temperatures between 0 and
7.2 °C) throughout this period till the time of gap buds in every variety was calculated (by using
Thermograph). The foremost common chilling model, and one that is used wide, is that the Chilling
Hours Model, additionally referred to as the Weinberger Model (Bennett 1949, Weinberger 1950).
This model, that was 1% developed for peaches in Georgia (United States), interprets all hours with
temperatures between 0 and 7.2 °C as effective for chilling accumulation. These chilling hours are
accumulated through the winter season. Chilling hour's below 7.2°C from 1% November to every
opining date in three apple varieties under study in 2017/2018 and 2018/2019 seasons were
determined (Table 1).

Morphological characteristics and yield measurements on trees

Bud count was created for every tree (n = 6) in each variety. The dates that floral and
vegetative buds began to open were recorded. Additionally, the dates that flowering reached 25, 50,
75 and 100 % of the full flowers were calculated in each variety. The dormant buds were
additionally counted and were expressed, with opened buds, as a proportion of the full number of
buds. The ultimate fruit set was calculated 6 weeks after full bloom stage as a variety of persisted
fruits per hundred spur and lateral buds (Westwood, 1978). At harvest stage, apple fruits were
harvested, counted and weighed for every examined tree.

Preparation of bud samples for chemical analyses.

Bud samples were collected at 15-day intervals beginning from 1% September up to 15"March
from each replicate of each treatment to determine the seasonal changes in bud contents from free,
conjugated and total phenols. Samples of vegetative and floral buds were randomly taken and
immediately transported to the laboratory for the aforementioned determinations.

Estimation of free, conjugated and total phenolics content in apple buds using Folin-Ciocalteu
Reagent

Free and total phenols in buds were determined as mg/g fresh weight using folin-ciocalteu
reagent and Sodium carbonate solution according to (Galicia et al., 2009) with some modification.
Weigh a random sample of (2g) buds without scales as a representative of the fresh material. Dry
the buds at 64-65 °C for 16 hours. Grind each sample to a very fine powder.

Extraction of Free phenols
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Weigh 100 mg of each powder of samples in an eppendorf tube and add 6.5 ml of methanol
(50%). Close the tubes and ensure no evaporation will take place during extraction. Vortex
thoroughly the samples and place them in a thermo mixer at 65 °C with 900 rpm for 30 minutes.
Take the tubes out of the thermo mixer and let them to cooling at room temperature. Then,
centrifuge the tubes at 14,000 rpm for 5 minutes and ensure the supernatant does not have sample
particles floating in it; if it does, centrifuge again. Make the colorimetric reaction.

Extraction of Total phenols

For each sample, weigh 100 mg of powder in an eppendorf and add 6.5 ml of hydrochloric
acid in methanol (10 ml of HCl 1.2 M with 90 ml methanol). Close the tubes and ensure no
evaporation will take place during extraction. Vortex thoroughly the samples and place them in a
thermomixer at 42 °C and 1100 rpm for 30 minutes. Take the tubes out of the thermomixer and let
them cool at room temperature. Centrifuge the tubes at 14,000 rpm for 5 minutes. Ensure that the
supernatant does not have sample particles floating in it; if it does, centrifuge again. Take 2.5 mL of
supernatant, put it in new eppendorf. Reduce to dryness and resuspend the precipitate resulting in
6.5 ml of methanol. Vortex thoroughly and make the colorimetric reaction.

Colorimetric Reaction

Take 1 mL of supernatant and carefully transfer into test tube. Then, add 0.8mL of 5 %
Folin-Ciocalteu reagent (dissolve 10 g sodium tungstate and 2.5 g sodium molybdate in 70 ml
water). Add 5 ml 85% phosphoric acid and 10 ml concentrated hydrochloric acid. Reflux for 10 hr.
Add 15 g lithium sulfate, 5 ml water and 1 drop bromine. Reflux for 15 min. Cool to room
temperature and bring to 100 ml with water. Then take 2.5 ml of F-C 2N with 7.5 ml of deionized
water and vortex thoroughly). The F-C reagent should be added before the alkali to avoid the air-
oxidation of phenolics. Add 2.2 mL of 400 mM Na>COs3 (4.25 g of Na;CO3 (99.9%) in 100 ml of
deionized water). Cover the tubes with adhesive aluminum tape to avoid dropping of samples.
Vortex the tubes at 800 rpm for 10 sec. Incubate tubes at 42 °C for 9 minutes for color development.
Take the tubes out of the oven and let them cool at room temperature, protect them from direct
light. Read absorbance at 765 nm in a spectrophotometer. These estimates represented total phenols
(conjugated and free phenols), free phenols and thus conjugated compounds were obtained by
subtraction free phenols from total phenols.

Statistical analysis

The values of the determined characters were subjected to statistical analysis according to the
standard procedure described in (Gomez and Gomez, 1984). The ‘F’ test was applied to assess the
significance of the treatment at 5% level of probability

The values presented in the results obtained in this investigation are the mean of the two
seasons under the study.

3. Results
Impact of winter Chilling Hours on bloom date

To confirm however the winter accumulated chilling hours affected the spring events; we tend
to investigate the total bloom date (50% bud break) once completely different numbers of controlled
chilling hours. Data in Table (1) show that the dormancy releasing time of Barkhar, Local and
Strakhan varieties were 1% of February, 1% March and 27" March, after the accumulation of 249,
280 and 285(CH) respectively in the first season and were 25" of January, 15" February and
20" March, after the accumulation of 251, 278 and 281(CH) respectively in the second season.
There were about 27, 26 and 55 days difference in the first season, i.e., the occurrence of opening
buds of Strakhan was 26 days later than that of Local and 55 days later than that of Barkhar in the
first season and 20, 32 and 53 days difference in the second season and also the occurrence of
opening buds of Strakhan was later than that of Local 32 days later and 53 days later than that of
Barkhar in the second season, indicating that the chilling hours of Strakhan was higher than that of
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Local and Barkhar varieties. Strakhan varity needed more of chilling hours accumulative at low
temperature (7.2°C) than Barkhar and Local for bud break. Moreover, the sum accumulative low
temperature (chilling hours) of bud break were step by step happy within the two varieties, Barkhar
and Local opened in Janurary, February and initial of March thanks to meeting the necessity of
expeditiously accumulative low temperature (CH7.2°C), whereas Strakhan still couldn’t opened as
a result of the expeditiously accumulative low temperature was but required for bud break
(CH7.2°C).

Table 1. Chilling accumulation (hours below 7.2°C) from 1% November to each break date for each
variety during 2017/2018 and 2018/2019.

Varietes | Hours under temperature 7.2°C from 1% November to 50% bud break
2016/2017 2018/2019

Date of 50% bud | Chilling Date of 50% bud | Chilling horse
break Hours break

Barkhar | 1 February 249 25" January 251

Local 1% March 280 15" February 278

Strakhan | 27™ March 285 20" March 281

Date of floral bud break

With the buildup of low temperature, the chilling demand for fruit trees was step by step
happy. Data in Table (2) indicated the dates to flowering (50% flowering) 14 February, 17 March
and 12 April for Barkhar, Local and Strakhan, respectively. The earliness reached about 57 and 26
days for Barkhar and Local apple varieties respectively as comparison with Strakhan variety.

Table 2. Date of flower bud opening and flowering period in apple varieties.

Date of flower bud opening

. - 25% 50% 75% End  of  llowering
Varieties Beginning . . . . period
flowering flowering flowering flowering (day)
Barkhar 115February 125February 145February 16"February 22"February 12
Local 4%*March 13%*March 17%March 20"March 21"March 18
Strakhan 7% April 10%'April 125 April 19 "April 25" April 19

Proportion of bud break and fruit set

Data presented in Table (3) indicated that early- opining apple varieties gave a high
percentage of flower bud break and fruit set comparing with the late-opining apple variety. The
proportion of flower bud break was 89.80 and 85.91% for Barkhar and Local apple varieties
respectively as comparison with 76.16% for Strakhan variety. However, the percentage of fruit set
was 55.50 and 39.01% for Barkhar and Local apple varieties respectively as comparison with
13.65% for Strakhan variety.

Table 3. Percentage of bud break, dormant buds and fruit set in three apple varieties.

Varieties Bud break (%) Dormant buds (%) | Fruit set (%)

Barkhar 89.80a 10.20a 55.50a
Local 85.91b 14.09b 39.01b
Strakhan 76.16¢ 23.84c 13.65c¢

Mean pairs followed by different letters are significantly different (p = 0.05) by Duncan’s test; n=6

Number of fruit tree'and Fruit yield

Data in Table (4) also show that, early-flower opining apple varieties have great number of

apple fruits tree ! and total fruit yield tree”! when compared to the late- opining apple variety. It
exceeded by 94.39 and 59.72% for number of fruits tree ! and 61.43 and 22.37 % for fruit yield
tree ! in the Barkhar and Local apple varieties respectively as comparison with Strakhan variety.
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Table 4. Number of fruit tree 'and yield per tree (kg) in three apple varieties.

Varieties No. of Fruit tree™! Yield per tree(Kg)
Barkhar 432.20a 23.02a
Local 355.12b 17.45b
Strakhan 222.33c¢ 14.26¢

Mean pairs followed by different letters are significantly different (p = 0.05) by Duncan’s test; n=6
Total soluble phenols

Data in Table (5) indicated that the total soluble phenols in vegetative buds gradually
decreased from the first sample reaching its minimum value at 15" of December in Barkhar variety,
while in both Strakhan and Local varieties, total soluble phenols increased from the first sample till
13t and 15 ™ October followed with a marked decrease reaching its minimum amount on the 15" of
December in Local and till 1% of January in Strakhan variety. Thereafter, the amount of total soluble
phenols increased sharply towards the last sample in all the studied varieties.

As regards to total soluble phenols of the flower buds, data show that it increased slightly till
15" of September in Barkhar and 1% October in both Strakhan and Local varieties then decreased
sharply reaching its minimum amount at 1% of December for Barkhar and Local varieties and on15™
of December for Strakhan variety. Thereafter, the amount of total soluble phenols increased
markedly towards the last sample in all the studied varieties.

Table 5. Seasonal changes in total phenols (mg./g. D.W.) in buds of the three apple varieties during
and after release from dormancy.

Dates Varieties
"Barkhar" "Local" "Strakhan"

V. F. V. F. V. F.
1/9 74.43 64.10 62.05 62.22 65.55 60.61
15/9 74.03 64.36 64.52 67.87 68.04 64.65
1/10 71.08 47.18 67.57 73.09 73.18 74.18
15/10 | 67.63 43.76 76.71 56.29 70.01 67.89
1/11 63.71 41.93 71.11 48.31 67.95 43.44
15/11 | 48.11 34.68 43.72 35.75 67.86 39.09
1/12 47.41 25.05 43.65 34,22 62.45 36.33
15/12 | 45.30 36.29 39.25 42.35 53.89 33.13
1/1 49.39 36.79 51.05 42.74 38.60 34.60
15/1 60.41 43.16 54.04 64.16 40.51 44.28
1/2 77.30 65.07 59.12 71.37 71.39 44.60
15/2 84.08 65.71 60.90 71.07 75.47 45.19
R e 7407 | --—--- 78.33 47.46
R e 7426 | ---——-- 78.63 48.02

V.=Vegetative buds

F.=Flower buds

Free phenols

Data in Table (6) recorded that the amount of free phenols in vegetative buds of the three
studied varieties generally increased from the first sample reaching its maximum at 15" of
November in both Local and Strakhan varieties and till 1** of December in Barkhar variety, although
a marked decrease occurred on the 15" of October for Local and Strakhan and 15™ of November in
Barkhar variety. Thereafter, the amount of free phenols tended to decrease towards the last sample
in all varieties. As regards to the free phenols of the flower buds, data show that it increased
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gradually from the first sample reaching its maximum value on the 1st December in both Barkhar
and Strakhan varieties and 15" of December in Local variety with some fluctuation. Thereafter, the
amount of free phenols tended to decrease towards the last sample in all varieties.

Table 6. Seasonal changes in free phenols (mg./g. D.W.) in buds of the three apple varieties during
and after release from dormancy.

Dates Varieties
"Barkhar" "Local" "Strakhan"
V. F. V. F. V. F.
1/9 24.53 18.02 25.00 15.84 18.73 18.20
15/9 24.84 19.35 25.20 18.84 19.26 19.86
1/10 25.99 18.02 25.36 18.76 22.43 21.88
15/10 | 24.20 17.38 22.67 15.11 21.23 19.92
1/11 22.71 15.86 22.86 16.40 2163 23.16
15/11 | 21.58 19.35 28.03 17.04 28.41 23.27
1/12 26.63 19.59 22.71 22.96 26.99 23.49
15/12 | 26.05 18.35 17.21 24.87 24.35 12.35
1/1 19.48 13.91 15.60 18.54 17.61 9.77
15/1 15.72 12.48 15.57 17.49 17.69 9.67
172 14.30 8.57 15.36 16.69 16.38 9.02
15/2 13.94 7.61 14.04 15.89 16.89 8.37
/3 | - - 14.04 | --—--- 12.92 8.10
15/3 | -—---- - 14.01 | ----- 12.52 8.01
V.=Vegetative buds F.=Flower buds
Conjugated phenols

Conjugated phenols were found in the vegetative and flower buds at different intervals during
the considered seasons are presented in Table (7). It can be generally noticed that conjugated
phenols found in vegetative buds of Barkhar variety gradually decreased from the first sample
reaching its minimum value at 15" of December, while in Strakhan and Local varieties, conjugated
phenols increased from the first sample till 1% and 15 th October followed with a marked decrease
reaching its minimum amount on the 15" of November in Local and till 1*! of January in Strakhan
variety. Thereafter, the amount of conjugated phenols increased sharply towards the last sample in
all the studied varieties.

As regards to conjugate phenols of the flower buds, data show that it increased slightly in
both Strakhan and Local varieties till the third sample then decreased sharply reaching its minimum
amount at 1% of December for all varieties. Thereafter, the amount of conjugated phenols increased
markedly towards the last sample in all the studied varieties.
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Table 7. Seasonal changes in conjugated phenols (mg./g. D.W.) in buds of the three apple varieties
during and after release from dormancy.
Dates Varieties
"Barkhar" "Local" "Strakhan"

V. F. V. F. V. F.
1/9 49.90 46.08 37.05 46.38 46.82 42.41
15/9 49.19 45.01 39.32 49.03 48.78 44.79
1/10 45.09 29.16 42.21 53.33 50.75 52.30
15/10 | 43.43 26.38 54.04 41.18 48.78 47.97
1/11 41.00 26.07 48.25 31.91 46.32 20.28
15/11 |26.53 15.33 15.69 18.71 39.45 15.82
1/12 20.78 15.46 20.94 11.26 35.46 12.84
15/12 | 19.25 17.94 22.04 17.48 29.99 20.78
171 29.91 22.88 35.45 24.20 20.99 24.83
15/1 44.69 30.68 38.47 46.67 29.82 34.61
12 63.50 56.87 43.76 54.68 55.01 35.58
15/2 70.14 58.10 46.86 55.18 58.52 36.82
| R e I 60.03 | ------ 65.41 39.36
15/3 | -==-=-= | emmee- 60.25 | ------ 66.11 40.01

V.=Vegetative buds F.=Flower buds

4. Discussion

It is clear nowadays that a wide variety of factors can break dormancy, in particularly
environmental and phenols influences have to be analyzed to understand the complex mechanism
which start when the bud resume growth. During the process of the release of buds from dormancy,
many changes in some chemical components in vegetative and floral buds, particularly the contents
of endogenous phenols (total, free and conjugated phenols) (Table 5, 6 and 7) play a vital role in
regulating dormancy and bud break. The most of phenol compounds have been isolated from bud
scales and have growth inhibitor role in buds. Literature reported by researchers and our works
indicate that phenol compounds increased during rest in flower buds, then decreased after rest and
completely eliminated at blooming (Seif El-Yazal and Seif El-Yazal, 2013). The chilling period
influences during disappear them. Therefore, the previous studies were undertaken to determine if
such a relationship exists between bud break and the phenol contents or not (Jindal and Mankotia,
2004). The increasing in bud break may be due to the reduction in free phenols (endogenous
inhibiters) which contrasted with the increase in endogenous promoters i.e. total indoles and
consequently endogenous inhibitors decreased in the buds which led to increasing in plant growth
parameters (Seif El-Yazal et al., 2014 and 2018). In this respect, Sagi and Garay (1961) showed that
phenolic effect on plant growth was contributed to either antagonism with IAA activity. Moreover,
Zenk and Muller (1963) suggested that phenols exerted their effect through an IAA carboxylation
reaction. Also, Kefeli and Kutacek (1977) suggested that the inhibition of plant growth by the plant
phenols may be effective in one of the following ways (1) depression of IAA biosynthesis and /or
activation of IAA degradation; (2) lowering of growth stimulating activity of IAA, gibberellins or
cytokinins; (3) uncoupling of respiration and oxidative phosphorylation and (4) interaction of
quinine forms of phenols with proteins and hence inhibition of metabolic pathways. Moreover,
Codignola et al. (1988a) reported that, phenol compositions has been increased from November to
February and then, have been decreased in March and have been eliminated on blooming stage in
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peach buds. Several studies have shown correlation between bud break and seasonal variation of
phenols in trees (Codignola et al., 1988b). The evaluation of dormant buds has shown that, phenol
compounds rarely occur in a free state within the cell; rather they are commonly conjugated with
other molecules. This finding could be taken some evidence, that, phenols could be play important
role to protection buds during winter, dormant season and bud break. In this respect, Kefeli and
Kutacek (1977) suggested that plant phenol may be decided into three groups; promotive, inhibitor
and inactive. They added that promotion of plant growth by phenols may proceed through the
modulation of either IAA biosynthesis or its destruction. Moreover, Wang et al. (1991) on apple
found that dormant buds contained a high amount of phenolic substances which decreased after bud
break then increased until the start of bud expansion. Phenolic compounds are found to be patent
modifiers of catalase, peroxidase and polyphenol oxidase activity, as both inhibitors and stimulators
in apple buds. Moreover, these substances may be stimulated the oxidation process of phenols by
increasing the peroxidase activity.

5. Conclusion

The hypothesis tested by this study was that the content of phenolic compounds such as
conjugated and total phenols in apple trees increases and free phenols decrease prior to the buds
sprouting during winter and spring in the region of Egypt. Therefore, the objective was to determine
the phenolic compounds in early and late varieties of apple trees (Barkhar, Local and Strakhan)
during and after dormancy. Finally, from the results of the current investigation, it may well be all
over that, phenolic compounds (conjugated and total phenols) were exaggerated from dormancy
initiation to dormancy release that slashed throughout deep dormancy and increased with bud break.
In contrast, free phenols were decreased from dormancy initiation to dormancy release that
increased throughout deep dormancy and decreased with bud break.
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