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Abstract: This study aims to evaluate the effects of spraying some antioxidants on improving growth , fruit
set, yield and fruit quality of Le-Conte pear trees during the two successive seasons of 2018 and 2019.
Trees were 35- years- old budded on Pyrus communis rootstock and grown on clay soil in El-Pharoania village
at El-Monufia Governorate. Anti-oxidants such as Hydrogen peroxide (H,O,) at 1 & 2%, Salicylic acid at
250 & 500 PPm, Succinic acid at 250 & 500 ppm and Ascopein at 250 & 500 PPm. Trees were sprayed at four
dates: first date at the start of bud burst stage (first week of March), second date at full bloom (75% flowering
at mid March), third date after fruit set at (May) and fourth date after fruit set at (June). The results show that
all studied antioxidants improved fruit set%, yield (Kg/tree) and fruit quality especially higher concentration
in both seasons. Ascopein treatment at 500ppm recorded significantly the highest leaf area, chlorophyll, N, P,
K, carbohydrates content, C/N ratio, fruit set and yield as well as improved significantly fruit quality and
monetary value as compared to all other treatments, while the lowest values obtained with unsprayed trees
(control) during the period of study.
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INTRODUCTION

Pear is considered an economically important fruit
among other deciduous fruit trees and one of the most
important fruits grown in the world [1]. In Egypt,
productivity of “Le Conte”, the main pear cultivar,
significantly varies from one year/location to another [2].

Antioxidants play an important role in protecting the
cell from senescence as well as improving productivity of
organic fruits. Antioxidants are safe to human,
environment and prevent the free radicals produced
during plant metabolism from oxidation of lipids, the
components of plasma membrane which accompanied
with the loss of permeability and the death of cells.
Moreover, antioxidants with their protect and properties
play an important role in plant defense against oxidative
stress as well as the biosynthesis of most organic foods
and activation of cell division process [3-5].

Hydrogen Peroxide (H,0,), plays a duplicate role as
a toxic by product of normal cell metabolism and as a
regulatory molecule in stress perception and signal

transduction [6, 7]. Moreover, it may be enhanced
flowering and fruit growth [8-11]. Also, increased the
photosynthetic rates, stomata conductance, transpiration,
chlorophyll and dry matter content of the leaves and total
soluble solids and total sugar content of the fruits of wax
apple [12]. In addition, trees treated by hydrogen peroxide
resulted larger fruit size, higher fruit set, fruit number, fruit
biomass, yield and may be promote the ripening process
compared to the control [13-15].

Salicylic acid is a phenolic phytohormone, it plays an
important role in plant growth and development,
photosynthesis, transpiration, ion uptake and transport
[16-18]. Salicylic acid (SA) beneficial effect is accelerating
the biosynthesis, translocation of sugars, plant pigments
and hastening peel coloration of fruits. Also, Xu and Tian
[19] and Babalar ef al. [20] cleared that SA treatment
stimulated the activities of antioxidant enzymes (catalase,
glutathione peroxidase, chitinase and B-1, 3- glucanase) in
sweet cherry fruit. On the other hand, many others cleared
that spraying salicylic acid at 50 to 400 ppm once, twice,
or three times was very effective in improving growth,
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yield and fruit quality in most evergreen fruit crops and
interactions between SA and other natural stress
management compounds [21-31].

Succinic acid known as SADH or B 9 is a plant
growth regulator, a chemical sprayed on fruit to
regulate growth , plays a role in the citric acid cycle, an
energy-yielding process and concerned one of the
intermediary metabolites in the citric acid cycle. It may be
participated in the net synthesis of glucose, other sugars,
fatty acids normally found in plant and dicarboxylic acids.
Also, catalyses by the enzyme succinct dehydrogenase
(or complex II of the mitochondrial ETC). Intermediate
electron carriers are FAD and three 2Fe-2S clusters part of
subunit B [32]. Succinic acid is an important platform
molecule in the synthesis of a number of commodities,
specialty chemicals and important biochemical
intermediate that occurs in all living creatures [33]. Also,
Sherif and Samia [34] cleared that fruit set (%) and fruit
quality increased by spraying Succinic acid150 & 250ppm.

Moreover, Ascopein concerned as natural and
organic antioxidant compounds has auxinic action, since
it contains 13% citric acid (CA) and 25% ascorbic acid
(AA) respectively, provided diseases control against
most fungi infections on different fruit trees [35-37].
And increased yield, fruit weight, total soluble solids and
total sugars, while reduced the total acidity on "Anna"
apple trees [38]. In addition, many others cleared that
spraying AA and /or CA significantly enhanced quality
and properties of ‘Red Spur’ apples. Also, improved
vegetative growth traits such as shoot length,
leaves/shoot ratio, leaf area index as well as fruit
characteristics [39-41]. It has been shown that both AA
and CA have substantial roles in many metabolic and
physiological processes such as cell enlargement and
division, resulting in increased biomass and increased
photosynthesis rate.

Increasing fruit quality and properties can be
important for enhancing economic production [44, 45].
Hence, this study aimed to evaluate foliar application of
different nature antioxidants substances on fruit set, yield,
fruit quality and net profit of "Le-Conte ' pear trees.

MATERIALS AND METHODS

The present study was conducted in two successive
seasons of 2018 and 2019 on "Le-Conte" pear trees grown
under clay loamy soil conditions in a private orchard at
El- Pharonia Village El-Mounifia Governorate, Egypt.
Selected trees were 35 years-old grafted on commuins
rootstocks, at 5x6m apart; nearly similar in growth vigor
and fruiting, free from any visual infections and received
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regularly the recommended horticultural practices.
Trees were applied as foliar spray four times at the start of
growth bud burst stage (first week of March), full bloom
(75% flowering at mid March), after fruit set at (May) and
two months later after fruit set at (June).

The experimental design was complete randomized
block design, with nine treatments in three replicates
consisting of three trees. The applied treatments were as
follows:

Spraying with tap water only (Control).

Spraying with 1% or 2% Hydrogen peroxide ( H,0,)
Spraying with 250 or 500 ppm Salicylic acid (SA).
Spraying with 250 or 500 ppm Succinic acid (SU).
Spraying with 250 or 500 ppm Ascopein (AS)
contained 38% organic acids (Ascorbic &citric acids)
and 62% organic substances. (Ascopein is a trade
name for plant growth activator, Registered under
No.12624 -Ministry of Agriculture).

All treatments were applied with a hand-held spray
bottle until runoff. Salicylic acid was dissolved in distilled
water and the pH was adjusted at 6.5 with NaOH. The
control trees were sprayed with tap water. Furthermore, to
evaluate the efficiency of the tested treatments on tree
fruiting and fruit quality .Four branches were selected and
labeled to calculate the following measurements:

Vegetative Growth Measurements

Leaf Area: On late August during both two seasons, ten
mature leaves were collected at random from each studied
tree to determine the average leaf area (cm”) by using Leaf
Area meter model (1203, CID, Inc, USA).

Chlorophyll Reading: On late August, samples of 20
leaves /tree were taken at random from the middle leaves
from the previously tagged shoots of each tree. Leaf
chlorophyll reading was recorded by Minolta chlorophyll
Meter SPAD-502 (Minolta camera .Co, LtD Japan) at the
field [46].

Leaves Mineral Content: Leaf minerals contents were
determined in August (after harvest) in both seasons.
Samples of twenty leaves from the middle part of shoots
were selected according to Chuntanaparb and Cummings
[47] at random from each replicate to determine their
content of C, N, P and K according to Evenhuis [48].
Leaf samples were washed with tap water and distilled
water twice, dried at 70°C to a constant weight and then
ground. The ground samples were digested with sulphoric
acid and hydrogen peroxide according to Evenhuis and
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Dewaard [49]. Total nitrogen and Phosphorus were
determined calorimetrically according to Evenhuis [48]
and Murphy and Riley [50], respectively. Potassium was
determined by a flame Photometer model E.E/L [51]. Total
carbohydrates were determined according to Smith et al.
[52]. Carbohydrates / nitrogen ratio calculated as follows:

_ Total carbohydrates

C/N ratio

Total nitrogen

Crude Protein = N (%) x 6.25

Flowering and Fruiting

Fruit Set (%): Four branches, in the different sides of
each tree were tagged for determining the fruit set
percentage. Fruit set was calculated in relation to the total
number of flowers, on May and then the percentages were
calculated as follow:

_ No. of developing fruitlets
Total No. of flowers

Fruit set (%) x100

Yield and Fruit Quality

Yield (Kg/tree): Fruits were collected at maturity stage
late of July from each tree of various replicates and yield
weight (kg/tree) was estimated by multiplying the number
of fruits with average fruit weight.

Fruit Physical Properties: Twenty fruits from each tree
under study were chosen for determining the following:

Average fruit weight (gm).

Average fruit volume (ml?).

Average fruit length (cm).

Average fruit diameter (cm).

Average fruit shape index (length/ diameter) was
estimated.

Fruit firmness was estimated as Ib/inch® using the
pressure tester of 5/16 inch plunger [53].

Chemical Properties:

Total soluble solids (T.S.S)was determined by a hand
refractometer,

Acidity of fruit juice was determined (as malic acid)
by titration with 0.1 normal sodium hydroxide with
phenolphthalein as an indicator, according
to(A.O0.A.C.) [54].

TSS/acidity ratio was assessed.

Total sugars % content were determined according to
Malik and Singh [55].
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Net Profit (LE): Fruit yield were used in estimating crop
monetary value considered a farm-gate price of 7 LE/Kg
for the first season and 8 LE/Kg for the second season,
control treatment cost % /fed had considered equal
12000LE. In considered that the price of antioxidants used
in addition to the cost of agricultural practices for trees
(as well as, fertilizers, irrigation, pests control, workers and
breaking dormancy agents.... etc). Whereas , the prices
were Hydrogen peroxide 80 LE/liter , Salicylic acid 200 LE/
kg, succinic acid 150 LE/ 100 g and Ascopein 50 LE/400
g .The cost % is counted by adding total agricultural
practices cost (12, 000 LE /Fed.) plus the various
antioxidants cost multiply by 100. Herein, counted the net
profit /Fed. which led to count the net profit % and
Investment return rate (LE) according to [56].

Net profit LE/ fed for treatments were calculated as
follows:

Net profit = Yield price (LE/fed) - Treatments cost
(LE/Fed).

Net profit % = 100 - Treatment cost (%)

Investment return rate (LE) = Net profit (LE) / fed /
treatment - Net profit (LE) / fed /control + Net profit (LE)
/ fed /control

Statistical Analysis: Data were statistically analyzed with
split plot A.N.O.V.A. table according to the method of
Duncan multiple range tests [57] were used for
comparison between means of each treatment.

RESULTS AND DISCUSSION

Vegetative Growth

Leaf Area (cm’): The effect of applied various
antioxidants (hydrogen peroxide (H,O,), Salicylic acid
(SA), Succinic acid (SU), Ascopein (AS)), on average of
leaf area (cm®) are shown in Table 1. Data revealed that
there was a significant difference between all treatments
under study compared with the control. Also, it noticed
that higher concentration increased leaf area than lower
concentration. In this respect, spraying Ascopein at 250
& 500 ppm enhanced the leaf area followed by hydrogen
peroxide at 1&2% in both seasons under study. The
present results are in agreement with Khandaker et al.
[58], Ahmed et al. [59] and El-Abbasy et al. [18] who
cleared the role of hydrogen peroxide (H,0,), Ascopein
and salicylic acid in enhancing vegetative growth of

apple.



Table 1: Effect of spraying various antioxidants on Chlorophyll reading and Leaf area (cm?) of Le-Conte pear trees in seasons 2018 and 2019
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Treatments Leaf area (cm?) Mean (A) Chlorophyll reading Mean (A)
Antioxidant substances (A) Con.(B) First season (2018)
Hydrogen peroxide (H202) 1% 29.03e 30.72B 49.13f 50.28B
2% 32.40a 51.43ab
Salicylic acid (SA) 250ppm 26.77g 28.19D 50.63d 51.13A
500ppm 29.60d 51.63a
Succinic acid (SU) 250ppm 28.47f 29.04C 51.13¢ 51.16A
500ppm 29.60d 51.20bc
Ascopein (AS) 250ppm 30.20c 31.14A 49.80e 50.32B
500ppm 32.07b 50.83d
Control Tap water 19.43h 19.43E 47.07g 47.07C
Tap water 19.43h 47.07g
Mean (B) 26.78B 28.62A 49.55B 51.90B
Second season (2019)
Hydrogen peroxide (H202) 1% 31.00e 32.04B 50.90g 51.33D
2% 33.07a 51.77f
Salicylic acid (SA) 250ppm 27.27g 29.30D 55.50b 55.64A
500ppm 31.33d 55.77a
Succinic acid (SU) 250ppm 30.40f 30.37A 52.87d 52.52C
500ppm 30.33f 52.17¢
Ascopein (AS) 250ppm 32.47b 32.37A 51.87f 52.74B
500ppm 32.27¢ 53.60c
Control Tap water 21.60h 21.60E 48.37h 48.37E
Tap water 21.60h 48.37h
Mean (B) 28.55B 29.72A 50.43A 52.34A
Means within each column followed by the same letter(s) are not significantly different at 5% level
Table 2: Effect of spraying antioxidant substances on N, P and K in leaves of Le-Conte pear trees in seasons 2018 and 2019
Treatments N (%) Mean (A) P (%) Mean (A) K (%) Mean(A)
Antioxidant substances (A) Con.(B) First season (2018)
Hydrogen peroxide ( H,0,) 1% 2.33bc 2.42A 0.360b 0.370A 1.020de 1.045C
2% 2.50a 0.380a 1.070cd
Salicylic acid (SA). 250ppm 2.26¢ 2.33B 0.340cd 0.350B 1.030de 1.170B
500ppm 2.40b 0.360b 1.310ab
Succinic acid (SU 250ppm 2.31bc 2.42A 0.300e 0.315C 1.200bc 1.022C
500ppm 2.52a 0.330d 0.843f
Ascopein (AS) 250ppm 2.11d 2.23C 0.330d 0.340B 1.370a 1.363A
500ppm 2.34bc 0.350bc 1.357ab
Control Tap water 1.12¢ 1.12D 0.240f 0.240D 0.900ef 0.900D
Tap water 1.12¢ 0.240f 0.900ef
Mean (B) 2.03B 2.18A 0.314B 0.332A 1.104A 1.096A
Second season (2019)
Hydrogen peroxide ( H,0,) 1% 2.54d 2.64B 0.360de 0.395A 1.030c 1.060C
2% 2.74c 0.430a 1.090c
Salicylic acid (SA). 250ppm 2.25¢ 2.48D 0.340f 0.360B 1.050¢ 1.050C
500ppm 2.70c 0.380bc 1.050¢c
Succinic acid (SU 250ppm 2.33e 2.58C 0.350ef 0.370B 1.300b 1.310B
500ppm 2.83b 0.390b 1.320b
Ascopein (AS) 250ppm 2.85b 2.92A 0.370cd 0.405A 1.890a 1.930A
500ppm 2.99a 0.440a 1.970a
Control Tap water 2.32e 2.32E 0.260g 0.260C 0.900d 0.900D
Tap water 2.32e 0.260g 0.900d
Mean (B) 2.46B 2.72A 0.336B 0.380A 1.234A 1.266A

Means within each column followed by the same letter(s) are not significantly different at 5% level
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Chlorophyll Reading: The results presented in Table (1)
indicated that chlorophyll reading of Le-Conte pear leaves
was significantly affected by the spraying of various
antioxidants than untreated trees. Trees sprayed with
higher concentration of various antioxidants had recorded
higher leaf chlorophyll readings value followed by lower
concentration in two seasons understudy. Also, it noticed
that both of Salicylic acid and Succinic acid gave the
highest chlorophyll reading at both concentrations in
both seasons under study. Results are in harmony with
Shaaban et al. [22] those who reported that using
antioxidants regulating photosynthesis and growth.
Also Uzunova and Popova, [60] and Fariduddin et al. [61]
suggests that SA is an important regulator of
photosynthesis because it affects leaf and chloroplast
structure, chlorophyll and carotenoid contents.

Leaves Mineral Content: The effect of various
antioxidants treatments on N, P and K leaves content of
Le-Conte pear trees during the two seasons under study
are shown in Table (2). As regard, it is clear from the
obtained data that spraying various antioxidants was
significantly effective in enhancing percentages of N, P
and K in the leaves compared with the untreated. Also, it
noticed that the highest concentration recorded the
highest values compared with the lowest ones. First
season, Ascopein and Succinic acid treatments increased
N, P while Ascopein and salicylic acid recorded high
value of K leaf contents as compared with the other
antioxidants and untreated trees. Furthermore, in the
second season hydrogen peroxide (H,O,) and Ascopein
gave high values for N and P but the best K leaves
content found from Ascopein and Succinic acid
treatments. The present results are in agreement with
El-Sayed et al. [62] who suggested that antioxidants, like
ascorbic acid and citric acid, have auxinic action and
synergistic effect on leaf mineral contents. Recently,
antioxidants are used rather than auxins and other
chemicals for enhancing the expansion of varied fruit
trees. Ghazijahani et al., [63] indicated that there's a clear
effect by sprayed organic acids, which might be
transferred to the root and affect the uptake of mineral
nutrients from the medium. The physiological mechanism
behind this effect might not be the identical for various
nutrients.

Total Carbohydrates, C/N Ratio and Crude Protein:
Table (3) shows the effect of various antioxidants on
"Le-Conte" pear trees during the two experimental
seasons (2018 and 2019). It is noticed that Hydrogen
peroxide (H,0,) followed by Succinic acid gave the
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highest average values from carbohydrates in first season
compared with the control. Meanwhile, in the second
season, both Salicylic acid and Succinic acid recorded the
best carbohydrates content. In addition, the highest
concentration gave the highest values than the lowest
ones. Herein, C/N ratio showed the same trend with
carbohydrate contents. Meanwhile, Crude Protein
recorded higher value with Hydrogen peroxide (H,O,)
followed by Succinic acid in both seasons under study.

In this respect, Slesak et al. [64] and Ismail ez al. [11]
cleared that during photosynthesis, the plants used
carbon dioxide (CO,) and water (H,O) and produced
carbohydrate (C(H,,O¢) and released oxygen (O ),as
byproduct, while, during respiration, the carbohydrate are
converted into energy where, the energy is used in the
process of building new tissues.

Flowering and Fruiting

Fruit Set (%) and Yield (Kg/tree): Regarding the effect of
various antioxidants on fruit set% and yield (Kg/tree),
Table (4) revealed that they had significantly positive
effect in both seasons, it was found that the highest fruit
set (%) and yield(Kg/tree) were obtained from spraying
Ascopein followed by Hydrogen peroxide (H,0,), Salicylic
acid and Succinic acid whereas, untreated ones resulted
the lowest fruit set in both seasons under study. It was
noticed that there was a positive relation between the
concentration of antioxidants and the yield. Data in
Table (4) also revealed that second season has higher
significant results (fruit set % and fruit yield Kg/ tree)
than the first one and that may be as a result of the
accumulated effect of the treatments.

The present results are in agreement with those of
Abdou [37] working on “Le-Conte” pear, Shaaban et al.
[22] on "Anna" apple, Aly [65] on “Costata” persimmon
and El-Abbasy et al. [18] on apple. Moreover application
of antioxidant treatments have auxinic action and also
synergistic effect on flowering and fruit trees; therefore
they are used instead of auxins and other chemicals
for enhancing fruiting of wvarious fruit trees [62, 42].
Also, Khandaker ef al. [12] and Ismail ef al. [11] referred
to the effects of H,O, on germination of seedling until
maturation, flowering, fruit set and fruiting stage and fruit
quality.

Fruit Quality

Fruit Physical Properties

Fruit Weight (G): Data presented in Table (5) reveal that
there was a positive response of fruit weight to the
different antioxidants treatments. Hence, the highly
positive response of fruit weight was detected with those
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Table 3: Effect of spraying antioxidant substances on Total carbohydrates, C/N ratio and Crude Protein in leaves of Le-Conte pear trees in seasons 2018 and

2019

Treatments Total carbohydrates (C) % Mean (A) C/N ratio Mean (A)  Crude Protein Mean (A)

Antioxidant substances (A) Con.(B) First season (2018)

Hydrogen peroxide (H,0,) 1% 26.67b 30.93A 11.45¢ 12.76B 14.56¢ 15.13A
2% 35.19a 14.08b 15.63a

Salicylic acid (SA). 250ppm 21.76g 23.24C 9.63ef 9.96CD 14.13d 14.56B
500ppm 24.71d 10.30de 15.00b

Succinic acid (SU) 250ppm 21.2%h 23.89B 9.22f 9.86D 14.44¢ 15.13A
500ppm 26.49¢ 10.51d 15.75a

Ascopein (AS) 250ppm 22.91f 23.28C 10.86¢cd 10.48C 13.19¢ 13.94C
500ppm 23.64e 10.10de 14.63c

Control Tap water 19.46i 19.46D 17.38a 17.38A 7.00f 7.00D
Tap water 19.461 17.38a 7.00f

Mean (B) 22.42B 25.90A 11.70B 12.47B 12.69B 13.63A

Second season (2019)

Hydrogen peroxide (H202) 1% 30.27g 34.87C 11.92d 13.16C 15.88e 16.50B
2% 39.47¢ 14.41b 17.13¢

Salicylic acid (SA). 250ppm 39.38d 39.55A 17.50a 16.10A 14.06g 15.50D
500ppm 39.71b 14.71b 16.88d

Succinic acid (SU 250ppm 30.77f 36.20B 13.21c 13.96B 14.56f 16.13C
500ppm 41.62a 14.71b 17.69b

Ascopein (AS) 250ppm 26.67h 28.93D 9.36f 9.89D 17.81b 18.25A
500ppm 31.18e 10.43e 18.69a

Control Tap water 23.63i 23.63E 10.19¢ 10.19D 14.50f 14.50E
Tap water 23.63i 10.19¢ 14.50f

Mean (B) 30.14B 35.12A 12.43A 12.89A 12.69B 16.18A

Means within each column followed by the same letter(s) are not significantly different at 5% level

Table 4: Effect of spraying various antioxidants on Fruit set (%) and Yield (Kg/tree) of Le-Conte pear trees in seasons 2018 and 2019

Treatments Fruit set (%) Mean Yield (kg/tree) Mean

Antioxidant substances (A) Con.(B) First season (2018)

Hydrogen peroxide (H,0,) 1% 6.4c 6.3B 43.33d 43.67B
2% 6.2b 44.00c

Salicylic acid (SA) 250ppm 5.5g 5.6C 37.67h 39.50D
500ppm 5.8¢e 41.33g

Succinic acid (SU) 250ppm 5.4h 5.5D 41.67f 42.17C
500ppm 5.7f 42.67¢

Ascopein (AS) 250ppm 5.9d 6.2A 45.33b 46.83A
500ppm 6.5a 48.33a

Control Tap water 39i 39E 30.00i 30.00E
Tap water 3.91 30.00i

Mean (B) 5.3B 5.6A 39.60B 41.27A

Second season (2019)

Hydrogen peroxide (H,0,) 1% 6.5¢ 48.00d
2% 6.6a 6.6A 49.33¢ 48.67B

Salicylic acid (SA). 250ppm 5.9f 6.1B 45.67f 47.67C
500ppm 6.3d 49.67b

Succinic acid (SU) 250ppm 6.1e 6.1B 42.33h 43.50D
500ppm 6.1e 44.67g

Ascopein (AS) 250ppm 6.5¢ 6.6A 46.33¢ 49.50A
500ppm 6.6b 52.67a

Control Tap water 4.3¢g 4.3C 32.671 32.67E
Tap water 43g 32.671

Mean (B) 5.9B 6.0A 43.00B 45.80A

Means within each column followed by the same letter(s) are not significantly different at 5% level
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Table 5: Effect of spraying antioxidant substances on fruit weight, fruit volume and fruit firmness of Le-Conte pear trees in seasons 2018and 2019

Treatments Fruit weight (g)  Mean (A)  Fruit volume (mlI’) Mean (A) Fruit firmness ( Ib/inch?) Mean (A)

Antioxidant substances (A) Con.(B) First season (2018)

Hydrogen peroxide (H,0,) 1% 156.0h 165.9D 159.6f 168.9D 17.70b 18.72A
2% 175.7g 178.3¢ 19.73a

Salicylic acid (SA) 250ppm 192.4¢ 200.1B 195.5¢ 201.9B 15.02d 16.01B
500ppm 207.8b 208.2b 17.00c

Succinic acid (SU) 250ppm 186.5f 190.8C 191.9d 193.3C 13.13f 14.05D
500ppm 195.1d 194.7¢ 14.97d

Ascopein (AS) 250ppm 203.7¢ 207.6A 206.7b 210.4A 14.07¢ 15.53C
500ppm 211.4a 214.1a 17.00c

Control Tap water 144.31 144.3E 136.3g 136.3E 12.70g 12.70E
Tap water 144.3i 136.3g 12.70g

Mean (B) 176.6B 186.9A 178.0B 186.3A 14.52B 16.28A

Second season (2019)

Hydrogen peroxide (H,0,) 1% 196.1¢ 198.4C 203.4f 210.6C 19.50d 19.61B
2% 200.7d 217.8d 19.73cd

Salicylic acid (SA) 250ppm 193.9¢ 200.9B 208.2¢ 212.1B 18.40ef 19.53B
500ppm 207.8¢c 215.9d 20.67a

Succinic acid (SU) 250ppm 186.5f 193.3D 183.1g 208.7D 18.47¢ 19.20C
500ppm 200.1d 234.3a 19.93bc

Ascopein (AS) 250ppm 212.1b 217.9A 222.0c 226.4A 19.77cd 19.97A
500ppm 223.7a 230.8b 20.17b

Control Tap water 146.3g 146.3E 136.3h 136.3E 18.13f 18.13D
Tap water 146.3¢g 136.3h 18.13f

Mean (B) 187.0B 195.7A 190.6B 207.0A 18.85B 19.73A

Means within each column followed by the same letter(s) are not significantly different at 5% level

trees which treated with Ascopein and Salicylic acid at
250 & 500 ppm in the two seasons of the study (Table 5).
Fruit weight ranged (207.6 & 217.9 g) and (200.1& 200.9 g)
during 2018 and 2019 seasons, respectively. While,
untreated trees were recorded (144.3 g and 146.3 g) in both
seasons, respectively. These results are in harmony with
those reported by Shaaban et al. [22] they indicated that
spraying salicylic acid once, twice, three and four times at
50 to 400 ppm were very effective in stimulating fruit
weight of "Anna" apple trees.

Fruit Volume (mP): It is appeared from Table (5) .that the
effect of spraying antioxidants had significantly affected
fruit volume of 'Le-Conte' pear fruits in both seasons
under study. It was noticed that fruit volume goes in the
same trend with fruit weight in both seasons. Results are
in accordance with Geros et al. [66] who cleared that
Hydrogen peroxide may enhance cellular development
during initial cell division at phase I or modulate cell
expansion at phase II by its cell wall loosening effect.
Moreover, Khandaker et al. [14] show that treated wax
apple fruit with 5 mM H,O, showed larger fruit size,
increased fruit set, fruit number, fruit biomass and yield
compared to the control.
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Fruit Firmness: Foliar application with antioxidants
significantly increased firmness of “Le-Conte” pear
(Table 5). The highest firmness was recorded in fruit
harvested from trees treated with Hydrogen peroxide
followed by Ascopein, Salicylic acid and Succinic acid in
both  seasons respectively. Meanwhile, higher
concentrations recorded higher values compared with
lower concentrations during 2018 and 2019 seasons
respectively. Results show that spraying with Hydrogen
Peroxide (H,0,) at 1 & 2% and Salicylic acid at 250 & 500
ppm followed by Ascopein and Succinic acid at 250 & 500
ppm recorded the highest fruit firmness, whereas, the
lowest values were obtained from control trees in both
seasons. Moreover, in the second one Ascopein at 250 &
500 ppm gave the highest value followed by the other
antioxidants. These results are agreed with others who
said that Salicylic acid delays the increase in soluble
pectin and maintained insoluble pectin and delays the
modification of cell wall components of "Anna" apple
fruits [22, 67, 18].

Fruit Diameter and Length: Data presented in Table (6)
indicate that fruit diameter and length were significantly
responded to the different studied treatments in the both
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Table 6: Effect of spraying antioxidant substances on fruit length, diameter and fruit shape index of Le-Conte pear trees in seasons 2018 and 2019

Treatments Fruit length (cm) Mean (A)  Fruit diameter (cm)  Mean (A)  Fruit shape index (L/D)  Mean (A)

Antioxidant substances (A) Con.(B) First season (2018)

Hydrogen peroxide(H,0,) 1% 8.00cd 8.22A 6.27c 6.40B 1.276a-c 1.283A
2% 8.43a 6.53b 1.291a

Salicylic acid (SA). 250ppm 7.80e 8.04B 6.13d 6.35B 1.272bc 1.266B
500ppm 8.27ab 6.57b 1.259¢cd

Succinic acid (SU) 250ppm 8.07cd 8.10AB 6.47b 6.59A 1.247de 1.230C
500ppm 8.13bc 6.70a 1.213f

Ascopein (AS) 250ppm 7.93de 8.18A 6.47b 6.52A 1.226e 1.254B
500ppm 8.43a 6.57b 1.283ab

Control Tap water 7.23f 7.23C 5.83¢ 5.83C 1.240e 1.240C
Tap water 7.23f 5.83¢ 1.240e

Mean (B) 7.81B 8.10A 6.23B 6.44A 1.252A 1.257A

Second season (2019)

Hydrogen peroxide(H,0,) 1% 8.27¢ 8.44B 6.73d 6.83B 1.229a 1.235AB
2% 8.60bc 6.93bc 1.241a

Salicylic acid (SA). 250ppm 7.90f 8.09C 6.30e 6.67C 1.254a 1.215B
500ppm 8.27¢ 7.03ab 1.176b

Succinic acid (SU) 250ppm 8.37de 8.44B 6.80d 6.82B 1.231a 1.238A
500ppm 8.50cd 6.83cd 1.245a

Ascopein (AS) 250ppm 8.73ab 8.75A 6.97b 7.04A 1.253a 1.244A
500ppm 8.77a 7.10a 1.235a

Control Tap water 7.50g 7.50D 6.37¢ 6.37D 1.177b 1.177C
Tap water 7.50g 6.37¢ 1.177b

Mean (B) 8.15B 8.33A 6.63B 6.85A 1.229A 1.215A

Means within each column followed by the same letter(s) are not significantly different at 5% level

seasons. Furthermore, longer fruits were found from trees results of Fayed [43] working on "Manfalouty"

which treated by Hydrogen peroxide and Ascopein
followed by Succinic acid and Salicylic acid compared
with untreated trees. While, the highest values of fruit
diameter were recorded from Ascopein and Succinic
acid followed by H,0, and Salicylic acid in both seasons
under study. In addition, the highest concentrations were
more effective than the lowest ones. It is noticed that
there is a positive significant increasing between
treatments in both seasons under study due to the
increment in fruit weight.

Shape Index: There is a significant effect on the fruit
shape index of 'Le-Conte' pear in the second season.
A significant effect was noticed between effect of various
antioxidants and their concentrations. Also, results go in
the same trend with fruit length in both seasons under
study (Table 6).

This increase in fruit weight, length and diameter are
ascribed to the high level of potassium in "Le-Conte" pear
leaves. Potassium improves fruit quality by enhancing the
formation and translocation of carbohydrates from the
shoot to storage organs (fruits) and carbohydrate
enzymes .The present results agree with the previous
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pomegranate and Fayek et al. [5] on Le-Conte pear.
Many others explained the role of antioxidants in
regulation of cell division and elongation, protection
against oxidative stress, act as co-factor for many
enzymes and play a role in signal transduction system and
thereby regulation of trees [62, 42].

Fruit Chemical Properties

Fruit Juice TSS: Data tabulated in Table (7) refer that
total soluble solids (TSS) was significantly responded to
the studied treatments. These results are in accordance
with those found by Sahain et al. [68] on "Anna" apple
and Ahmed and Abd EI-All [69] on "Sewy" dates, they
found that application of antioxidants namely ascorbic
acid and citric acid each at 500 ppm and vitamin B complex
at 25 ppm either alone or at possible combinations
increased fruit TSS content. The increment in TSS as a
result of ascorbic and citric acids sprays may be due to
their influence in increasing photosynthetic pigment
which reflected on photosynthesis process and led
to increase in carbohydrate content of "Anna" apple
fruits Fayed, [43], Fayek et al. [ 5] on Le-Conte pear and
El-Abbasy et al. [18].



Hort. Sci. & Ornamen. Plants, 13 (3): 235-248, 2021

Table 7: Effect of spraying antioxidant substances on fruit chemical characteristics of Le-Conte pear trees in seasons 2018 and 2019

Treatments TSS%  Mean (A) Acidity % Mean (A) TSS/acidratio  Mean (A) Total sugars (%) Mean(A)

Antioxidant substances (A) Con.(B) First season (2018)

Hydrogen peroxide (H,0,) 1% 11276 11.30B 0.210b-d  0.210B 53.67¢c 53.81B 12.90b 12.73A
2% 11.33b 0.210b-d 53.95¢ 12.57¢

Salicylic acid (SA). 250ppm 9.83e 10.08D 0.200c-e 0.210B 49.15d 48.05D 11.80f 11.90C
500ppm 10.33d 0.220a-c 46.95¢ 12.00e

Succinic acid (SU) 250ppm 10.33d  11.75A 0.230ab 0.235A  4491f 49.89C 12.33d 12.48B
500ppm 13.17a 0.240a 54.88¢ 12.63¢

Ascopein (AS) 250ppm 10.83¢ 10.86C 0.170f 0.175C 63.71a 62.13A 12.13¢ 12.62A
500ppm 10.90c 0.180ef 60.56b 13.11a

Control Tap water 8.33f 8.33E 0.190d-f  0.190C 43.84f 43.84E 10.19g 10.19D
Tap water 8.33f 0.190d-f 43.84f 10.19g

Mean (B) 10.12B  13.11B 0.200A 0.195B 51.06B 66.46A 11.87B 12.47B

Second season (2019)

Hydrogen peroxide (H,0,) 1% 13.58¢ 14.04A 0.200cd 0.205BC  67.90a-c 68.47A 13.25d 14.39A
2% 14.50a 0.210bc 69.05ab 15.52a

Salicylic acid (SA) 250ppm 13.00e 13.16D 0.220b 0.235A  59.09% 56.21D 11.95g 12.14D
500ppm 13.33d 0.250a 53.32f 12.32f

Succinic acid (SU) 250ppm 12.33f  1291E 0.180d 0.215B 68.50bc 61.25C 12.81e 13.15C
500ppm 13.50cd 0.250a 54.00f 13.49¢

Ascopein (AS) 250ppm 13.33d 13.58B 0.190cd 0.195C 70.16a 69.65A 13.47¢ 13.99B
500ppm 13.83b 0.200cd 69.15ab 14.51b

Control Tap water 13.33d  13.33C 0.200cd 0.200C 66.65d 66.65B 10.85h 10.85E
Tap water 13.33d 0.200cd 66.65d 10.85h

Mean (B) 10.81A  13.70A 0.208A 0.222A  52.04A 62.43B 12.10A

Means within each column followed by the same letter(s) are not significantly different at 5% level

Table 8: Effect of various antioxidants on the net profit (LE) of "Le-Conte" Pear trees during 2018 and 2019 seasons

Productivity

Treatments (Ton/fed.)  Agricultural practices cost (LE/fed) Yield price (LE) /fed Cost(%)/ fed Net profit(LE/ fed) Net profit% Investment return rate(LE)
Antioxidant substances (A) Con. First season (2018)
Hydrogen peroxide (H,0,) 1% 6.066 12100 42462 28.50 30362 71.5 0.75
2% 6.160 12200 43120 28.29 30920 71.71 0.78
Salicylic acid (SA). 250ppm  5.274 12050 36918 32.64 24868 67.36 0.43
500ppm  5.786 12100 40502 29.88 28402 70.12 0.63
Succinic acid (SU) 250ppm  5.834 12375 40838 30.30 28463 69.7 0.64
500ppm  5.974 12750 41818 30.49 29068 69.51 0.67
Ascopein (AS) 250ppm  6.346 12050 44422 27.13 32372 72.87 0.86
500ppm  6.766 12100 47362 25.55 35262 74.45 1.03
Control Tap water 4.200 12000 29400 40.82 17400 59.18
Second season (2019)
Hydrogen peroxide (H,0,) 1% 6.720 12100 53760 22.55 41660 77.45 0.69
2% 6.906 12200 55248 22.08 43048 77.92 0.75
Salicylic acid (SA). 250ppm  6.394 12050 51152 23.56 39102 76.44 0.59
500ppm  6.954 12100 55632 21.75 43532 78.25 0.77
Succinic acid (SU) 250ppm  5.926 12375 47408 26.10 35033 73.9 0.43
500ppm  6.254 12750 50032 25.48 37282 74.52 0.52
Ascopein (AS) 250ppm  6.486 12050 51888 2322 39838 76.78 0.62
500ppm  7.374 12100 58992 20.51 46892 79.49 0.91
Control Tap water 4.574 12000 36592 32.79 24592 67.21

Acidity Percentage: With regard to the specific effect of
various antioxidants treatments, Table (7) displays
obviously that data go in the same trend with other
properties was concerned. Herein, fruit juice acidity% was
significantly increased by investigated antioxidants
treatments. Total acidity % was increased with increase
various antioxidants concentrations. In this concern, our
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results are confirmed by El-Abbasy et al., [18] who found
that the antioxidants increased acidity of Anna apple
fruits.

TSS/Acid Ratio: TSS /Acid ratio significantly increased
with increase various antioxidants concentrations.
The highest TSS/Acid ratio was observed from foliar
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Fig. 1: Effect of various antioxidants on the yield price (LE), net profit (LE)and investment return rate (LE) of "Le-Conte"
Pear trees during 2018 and 2019 seasons
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Fig. 2: Effect of various antioxidants on the Productivity (Ton/Fed.), Cost (%) and Net profit (%) of "Le-Conte" Pear trees
during 2018 and 2019 seasons

application 250 & 500 ppm Ascopein followed by (Table 7). The present results are agreed with the
hydrogen peroxide, whereas lowest TSS/Acid ratio were previous results of Abdou [37 ] on “Le-Conte” pear and
recorded in untreated trees during 2018 and 2019 seasons Shaaban ef al. [22] on "Anna" apple. The enhancement
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effect of antioxidant may be due to their essential roles in
signal transduction system, membrane stability and
functions, activating transporter enzymes, metabolism
and translocation of carbohydrates in "Anna" apple fruits
[18].

Total Sugars: It is clear from the obtained data in
Table (7) that varying antioxidants and concentrations
sugars
compared with untreated ones in both seasons under
study. Moreover, foliar application of hydrogen peroxide
at 1 & 2% gave the highest total sugars% followed by
Ascopein at 250 & 500ppm, whereas the lowest total
sugars% were recorded in untreated trees during 2018 and
2019 seasons.

In this concern, Fawzi et al. [70] mentioned that

were significantly enhanced total content

fertilization by bio-organic substances improved "Le-
Conte" pear fruit sugar content. Mansour et al. [71] found
that the combined application between some nutrients
and citric acid was very effective in stimulating TSS and
total sugar content of le-Conte pear fruit.

Crop Monetary Value (LE/Fed.): Data in Table (8) show
the effect of some various antioxidants on the net profit
(LE / fed) for treatments during the two seasons of study
(2018 & 2019).1t noticed that all treatments gave better net
profit compare with untreated ones. Moreover, the
highest net profit % and the lowest cost % were obtained
from Ascopein in the two concentrations followed with
Hydrogen peroxide, Salicylic acid and Succinic acid in a
comparison with the untreated one in the two seasons
under study. Also, it noticed that Ascopein treatments
gave the highest investment rate per control costs (LE).

CONCLUSION

The target of this study was examining the effect of
the various antioxidants such as Hydrogen peroxide
(H,0,), Salicylic acid (SA), Succinic acid (Su) and
Ascopein (As) on counteracting the adverse effects on
yield and fruit quality of Le-Conte pear trees grown on
clay soil. It is cleared that application of antioxidants gave
a promising influence on the productivity of Le-Conte
pear trees. Herein, according to these results it can be
concluded that usage of various antioxidants are preferred
to improve the yield and fruit quality of "Le-Conte" pear
trees , especially , it is cleared from the accumulated effect
of the treatments in the 2™ season. Moreover, it is noticed
that Ascopein treatment at 500ppm recorded significantly
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the highest leaf area, chlorophyll, N, P, K, carbohydrates
content, C/N ratio, fruit set and yield as well as improved
significantly fruit quality and monetary value as compared
to all other treatments, while the lowest values obtained
with unsprayed trees (control) during the period of study.

REFERENCES

Gavrilovié, V., S. Milijasevié and S. Zivkovi¢, 2005.
Characterization of epiphytic bacteria originated from
quince and medlar trees and its antagonistic effect
against Erwinia amylovora (in vitro) Berichte Biol.
Bundesanst. Land- Forstwirtsch., pp: 128.

Sanaa, S., A. Kabil, M. H El-Sheikh, A.S. Elsabagh
and A.M. Aboulenein, 2012. Performance of “Le
Conte” Pear Trees in Response to Biological Control
of Fire Blight Disease. Journal of Applied Science
Research, 8(8): 4511-4524.

Lin, L., Q.P. Li, B.G. Wang, J.K. Cao and W.B. Jiang,
2007. Inhibition of core browning in “Yali” pear fruit
by post-harvest treatment with ascorbic acid. J.
Hort.Sci. & Biotech., 82(3): 397-402.

Ahmed, F.F., M.M. Mohamed, A.M.M. Abou
El- Khashab and S.H.A. Aeed, 2014.Controlling Fruit
Splitting and Improving Productivity of Manfalouty
Pomegranate Trees by Using Salicylic Acid and Some
Nutrients. World Rural Observations, 6(1): 87-93.
Fayek, M.A., T.A. Fayed, E.M. El-Fakhrani and N.
Shayma-Salam, 2014. Yield and fruit quality of "Le-
cont" pear trees as affected by compost tea and some
antioxidants applications. Journal of Horticultural
Science & Ornamental Plants, 6(1): 01-08.

Neil, S.J., R. Desikan, A. Clarke, R.D. Hurst and
J.T. Hancock, 2002. Hydrogen peroxide and nitric
oxide as signalling molecules in plants. J. Exp. Bot.,
53:1237-1247

Foyer, C.H. and G. Noctor, 2005. Oxidant and
antioxidant signalling in plants: a re-evaluation of the
concept of oxidative stress in a physiologicalcontext.
Plant Cell Environ., 28: 1056- 1071.

Mauseth, J.D., 2003. Botany: An Introduction to

Plant Biology. Jones and Bartlett, USA, pp: 271-272.
Wang, S.Y., 2010. Antioxidants in fruits and
their possible anticancer property. Acta Hortic,
864: 463-4609.
Zhou, B., N. Li, Z. Zhang, X. Huang and H. Chen,
2012. Hydrogen peroxide and nitric oxide promote
reproductive growth in Litchi chinensis. Biol. Plant.,
56:321-329.

10.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hort. Sci. & Ornamen. Plants, 13 (3): 235-248, 2021

Ismail Siti Zuriani, Mohammad Moneruzzaman
Khandaker, Nashriyah Mat and Amru Nasrulhaq
Boyce, 2015. Effects of Hydrogen Peroxide on
Growth, Development and Quality of Fruits. Journal
of Agronomy, 14(4):331-336,2015.ISSN 1812-5379.
Khandaker, M.M., A.N. Boyce and N. Osman, 2012.
The influence of hydrogen peroxide on the
growth, development and quality of wax apple
(Syzygium samarangense, [Blume] Merrill & L.M.
Perry var. jambu madu) fruits. Plant Physiol.
Biochem., 53: 101-110.

Amru Nasrulhaq Boyce and Normaniza Osman 2010.
The influence of hydrogen peroxide on the
growth, development and quality of wax apple
(Syzygium samarangense, [Blume] Merrill & L.M.
Perry var. jambu madu) fruits. Plant Physiology and
Biochemistry, 53, April 2012, 101-110.

Khandaker, M.M., A.N. Boyce, N. Osman and
A.S. Hossain, 2012. Physiochemical and
phytochemical properties of wax apple (Syzygium
samarangense [Blume] Merrill & L. M. Perry var.
Jambu Madu) as affected by growth regulator
application. Sci. World J., : 1-13 doi:10.1100/2012/
728613.

Georgia Tanou, Vasileios Ziogas and Athanassios
Molassiotis, 2017. Foliar Nutrition, Bio stimulants and
Prim like Dynamics in Fruit Tree Physiology: New
Insightsonan  Old Topic. Frontiersin  Plant
Sciencelwww.frontiersin.org. February 2017.

Yao, H.J. and S.P. Tian, 2005. Effects of pre and post-
harvest application of salicylic acid or methyl
jasmonate on inducing disease resistance of sweet
cherry fruit in storage. Postharvest Biology and
Technology, 35: 253-262.

Hayat, A.S. and A. Ahmed, 2007. Salicylic acid. A
Plant Hormone. Springer ISBN., pp: 1-200.
El-Abbasy U.K., M.M. El-Sayed, A.S. Wally, Shaimaa
F.A. Sewilam, 2019. Influence of gibberellic acid and
some antioxidants on vegetative growth, yield and
fruit quality of “Anna” apple trees. 2009th
International Conference for Sustainable Agricultural
Development 4-6 March 2019 Fayoum J. Agric. Res,
& Dev., Vol. 33 No. 1(B) March, 2019.

Xu, X. and S. Tian, 2008. Salicylic Acid
Alleviated Pathogen-Induced Oxidative Stress in
Harvested Sweet Cherry Fruit. Postharvest Biol. Tec.,
49: 379-385.

Babalar, M., M.R. Asghari, A. Talaei and A.
Khosroshahi, 2007. Effect of Pre- and Postharvest
Salicylic Acid Treatment on Ethylene Production,
Fungal Decay and Overall Quality of ‘Selva’
Strawberry Fruit. Food Chem., 105: 449-453

246

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ahmed, A.A., M.M.H. Abd EL-Baky, M.F. Zaki and
Faten S. Abd EL-Aal 2011. Effect of foliar application
of active yeast extract and zinc on growth, yield
and quality of potato plant. J. App. Sci. Res.,
7(12): 2479-2488.

Shaaban, M.S., AM.K. Abd El-Aal and F.F. Ahmed,
2011. Insight into the effect of salicylic acid on apple
trees growing under sandy saline soil. Res. J. Agric.
& Biol. Sci., 7(2): 150-156.

Abd El-Rahman, M.M.A. and S.M.A. El-Masry, 2012.
Response of Valencia trees to foliar application of
some vitamins, salicylic acid and turmeric extract.
Minia J. Agric. Res. Dev., 32(5): 851-867.

Ahmed, F.F., FH. Abd El-Aziz and A.M. Abd
El- Kariem, 2010. Relation of fruiting in Crimson
seedless grapevines to spraying some antioxidant.
Proceeding Minia 2™ Conference of Agric.
Environ. Sci. Agric. & Develop. Scopes. March 2-24
pp: 103-112.

Abd El- Mageed, M.M.H., 2015. Response of Sakkoti
date palms to spraying salicylic acid under Aswan
region conditions. M. Sc. Thesis, Fac. of Agric.,
Minia Univ. Egypt.

Randa E.S. Y.H., 2015. Effect of Spraying Salicylic
Acid on Fruiting of Valencia Orange Trees. Alex. J.
Agric. Res., 60(3): 119-126.

Emad H. Khedr, 2018. Improving Productivity, Quality
and Antioxidant Capacity of Le-Conte Pear Fruits
Using Foliar Tryptophan, Arginine and Salicylic
Applications. Egypt. J. Hort., 45(1):93-103.
Cipollini, D.S., Enright, M. Traw and J. Bergelson,
2004. Salicylic acid inhibits jasmonic acid-induced
resistance of Arabidopsis thaliana to Spodoptera
exigua. Mol. Ecol., 13: 1643-1653.

Metraux, J. P. and J. Durner, 2004. “The role of
salicylic acid and nitric oxide in programmed cell
death and induced resistance, ” in Molecular
Ecotoxicology of Plants, ed. H. Sandermann (Berlin:
Springer-Verlag) 111-150.

Kachroo, A. and P. Kachroo, 2007. Salicylic acid-,
jasmonic acid-and ethylenemediated regulation of
plant defense signaling. Genet. Eng., 28: 55-83.

De Torres Zabala, M., M.H. Bennett, W.H. Truman
and M.R. Grant, 2009. Antagonism between salicylic
and abscisic acid reflects early host-pathogen
conflict and moulds plant defence responses. Plant J.,
59: 375-386.

Boy Cornils, Peter Lappe, 2006. Dicarboxylic Acids,
Aliphatic "in Ullmann's Encyclopedia of Industrial
Chemistry 2006, Wiley-VCH, Weinheim. DOI: 10 .1002
/14356007 .a08 523.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Hort. Sci. & Ornamen. Plants, 13 (3): 235-248, 2021

Christian Andersson, David Hodge, Kris A.
Berglund, Ulrika Rova. Biotechnology Progress,
23(2): 381-388.

Sherif, H.M. and Samia A. Asaad, 2014. Effect of
some plant growth retardants on vegetative growth,
spurs and fruiting of 'Le - Conte' Pear Trees.
British Journal of Applied Science & Technology,
4(26): 3785-3804, 2014.

El-Kobisy, D.S., K.A. Kady and R.A. Medani 2005.
Response of pea plant Pisum sativum L. to treatment
with ascorbic acid. Egypt J. Appl. Sci., 20: 36.
Ismail, S.I.I., 2008. Anatomical and Physiological
Studies on Nigella sativa, L. Plant. Ph.D. Thesis., Fac.
Agric., Mansoura Univ., Egypt, pp: 205-211

Abdou, N.A., 2010. Response of “Le-Conte” pear
trees to organic and some biofertilizers in comparison
with chemical fertilizer. M.Sc. Thesis, Fac. Agric.
Cairo Univ.

Maksoud, M.A., M.A. Salah, M.S. El-Shamma and
A.A. Faud, 2009. The effect of biofertilizers and
antioxidants on olive trees under calcareous soil
conditions. World J. Agric. Sci., 5: 350-52.
Abdel-Salam, M., 2016. Effect of Foliar Application
with Humic Acid and Two Antioxidants on Ruby
Seedless Grapevine. Middle East J. Agric. Res.,
5(2): 123-131.

Afsanech Allahveran, Alireza Farokhzad, Mohammad
Reza Asghari, Ali Sarkhosh, 2018. Foliar application
of ascorbic and citric acids enhanced ‘Red Spur’
apple fruit quality, bioactive compounds and
antioxidant activity. Physiol Mol. Biol. Plants (May-
June 2018) 24(3): 433-440.

Jatinder Singh and Anis Mirza, 2018. Influence of
Ascorbic Acid Application on Quality and Storage
Life of Fruits. Int. J. Curr. Microbiol. App. Sci.,
7(7): 4319-4328.

Ragab, M.M., 2002. Effect of spraying urea ascorbic
acid and NAA on fruiting of Washington Navel
orange trees. M. Sc. Thesis. Fac. Agric. Minia. Univ.
Egypt, pp: 345-349.

Fayed, T.A., 2010. Effect of some antioxidants on
growth, vyield and bunch Characteristics of
Thompson Seedless Grapevines. Amer. Eurasian J.
Agric & Environ. Sci., 8(3): 322-328.

Shoji, T., Y. Akazome, T. Kanda and M. Tkeda 2004
.The toxicology and safety of apple polyphenolic
extract. Food Chem. Toxicol., 42: 959-967.

Francini A. and L. Sebastiani, 2013. Phenolic
compounds in apple (Malus x domestica Borkh.):
compounds characterization and stability during
postharvest and after processing. Antioxidants,
2:181-193.

247

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Yadava, Y.L., 1986. A rapid and non-destructive
method to determine chlorophyll in intact leaves.
Hort. Science, 21: 1449-1450.

Chuntanaparb, N. and G. Cummings, 1991. Seasonal
trends in concentrations of nitrogen, phosphorus,
potassium and magnesium in leaf portions of apple,
blueberry, grape and peach. J. Amer. Soc. Hort. Sci.,
105(6): 933-935

Evenhuis, B., 1978. Simplified methods for foliar
Analysis "Koninklijk Institaut voorde tropen. Inst.,
Amsterdam, pp: 1-17.

Evenhuis, B. and P.W. Dewaard, 1980. Principles and
practices in plant analysis Inst., Amsterdam Paper, 15:
152-163.

Murphy, S. and J.P. Reily, 1962. A modified single
solution method for the determination of phosphate
in natural water. Anal. Chem. Acta, 27: 31-36.
Jackson, N.L., 1967. Soil chemical analysis. Prentice-
Hall Inc. Englewood Cliffs, NS.

Smith, F., M.A. Gilles, J.K. Hamilton and P.A.
Gedeeds, 1956. Color metric methods for
determination of sugar and related substances. Anal.
Chemic., 28: 350-365.

Magness, J.R. and G.F. Taylor, 1982. An improved
type of pressure tester for the determination of fruit
maturity. USDA Cir. No. 350.

Association of Official Agricultural Chemists, 2005:
Official Methods of Analysis (A.O.A.C.).

Malik, C.P. and M.B. Singh, 1980. Plant enzymeology
and isoenzymology. A Text Manual.

Hudson, Robert and Gregoriou Andros, 2010.
"Calculating and comparing Security returns is harder
than you think: A comparison between logarithmic
and simple returns". SSRN. SSRN 1549328.

Waller, R.A. and D.B. Duncan, 1969. A Bays role for
the symmetric multiple comparison Problem. Amer.
State. Assoc. J., pp: 1485-1503.

Mohammad Moneruzzaman Khandaker, Amru
Nasrulhaq Boyce and Normaniza Osman, 2012.
The influence of hydrogen peroxide on the
growth, development and quality of wax apple
(Syzygium samarangense, [Blume] Merrill & L.M.
Perry var. jambu madu) fruits. Plant Physiology and
Biochemistry, 53, April 2012, pp: 101-110

Ahmed, F.F., A.E.M. Mansour, Khalil- H. Fekrya and
Fouad A. Amera, 2003. Fruiting of Anna apple trees
as influenced with some boron, magnesium, vitamins
B complex and citric acid treatments. 1st Egyptian &
Syrian Conf. Titled as Agriculture and Nutrition in
the Arab World. Drawbacks and Future Prospects,
pp: 8-11 Dec. Minia. Egypt.



60.

61.

62.

63.

64.

65.

66.

Hort. Sci. & Ornamen. Plants, 13 (3): 235-248, 2021

Uzunova, A.N. and L.P. Popova, 2000. Effect of
salicylic acid on leaf anatomy and chloroplast
ultrastructure of barley plants. Photosynthetica,
38:243

Fariduddin, Q., S. Hayat and A. Ahmad, 2003.
Salicylic acid influences net photosynthetic rate,
carboxylation efficiency, nitrate reductase activity
and seed yield in Brassica juncea. Photosynthetica,
41: 281-284.

El-Sayed, M.A., A.A. Mervant and A.H. Ali, 2000.
Response of Flame seedless grapevine to application
of ascorbic acid. The 2™ conf. Sci. Assuit, Egypt, pp:
317-340

Ghazijahani, N., E. Hadavi and B.R. Jeong 2014. Foliar
sprays of citric acid and salicylic acid alter the pattern
of root acquisition of some minerals in sweet basil
(Ocimum basilicum L.). Front. Plant Sci., 5: 573.
Slesak, 1., M. Libik, B. Karpinska, S. Karpinski and
Z. Miszalski, 2007. The role of hydrogen peroxide in
regulation of plant metabolism and cellular signalling

in response to environmental stresses. Acta
Biochimica Polonica, 54: 39-50.
Aly, D.R.D., 2012. Physiological studies on

persimmon “Diospyros Kaki” trees. Ph.D. Thesis,
Fac. Agric. Banha Univ

Geros, H., M. Chaves and S. Delrot, 2012. The
Biochemistry of the Grape Fruit. Bentham Science
Publishers, USA. ISBN: 9781608053605, pp: 304.

248

67.

68.

69.

70.

71.

Promyou, S. and S. Supapvanich, 2016. Effects of
salicylic acid immersion on physicochemical quality
of Thai papaya fruit ‘Kaek Dam’ during storage. Acta.
Hortic., 1111: 105-112

Sahain, M.F.M., E.Z. El- Motty, M.H. El- Shiekh and
L.F. Hagagg, 2007. Effect of some biostimulant on
growth and fruiting of Anna apple trees in newly
reclaimed areas. Research Journal of Agriculture and
Biological Sciences, 3(5): 422-429.

Ahmed, F.F. and A M.K. Abd El-All, 2007. Influence
of spraying seaweed extract and citric acid on yield
and fruit quality of "Anna" apple trees. 1* Inter. Conf.
Desert Cultivation Problems and Solutions, Minia
Univ. 27-29; pp: 253-261.

Fawzi, F.M., A.D. Elham and E.A. Kandil, 2010. Effect
of organic and bio-fertilizers and magnesium sulphate
on growth yield, chemical composition and fruit
quality of "Le-Conte" Pear trees.Nature and Science,
8(12): 273-280.

Mansour, A.E.M., F.F. Ahmed, E.A. Shaaban and
Amera A. Fouad, 2008. The Beneficial of Using Citric
Acid with Some Nutrients for Improving Productivity
of Le Conte Pear trees. Res. J. Agric. and Biol. Sci.,
4(3): 245-250.



