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ABSTRACT

This study was conducted on Cleopatra mandarin seedlings under a greenhouse conditions in
citrus nursery, Horticulture Research Institute, Giza, Egypt. during two successive seasons (2022-
2023), hydrogen peroxide (H,O,) at a concentration of 500 mg/L, vitamin E (tocopherol) at
concentration of 2 mg/L and selenium (Na,SeOs) at a concentration of 0.3 mg/L as antioxidants,
either individually or in combination, in order to shortening the growth period of Cleopatra
mandarin rootstock seedlings to the grafting stage and achieving the highest economic return.
Obtained results revealed a considerable enhancement in all tested parameters of leaf area,
number of leaves/seedling, leaves and shoots dry matter percentage, percentage of increase in
both seedling stem (length and diameter), grafting success percentage, leaf pigments contents,
leaf indole and phenol contents, mineral content of leaves and antioxidant enzymes activities as
compared with the control. While, the optimum results were obtained from the combination
treatments Hydrogen peroxide (H,0,) at 500 mg/L + Selenium (Na,SeQOs) at 0.3 mg/L.
Keywords: Cleopatra mandarin- Seedlings- Antioxidant- Hydrogen peroxide- Vitamin E and Selenium.

INTRODUCTION

Citrus (Citrus spp.) is a widely grown and photosynthesis pigments (Valko et al.,
and commercially popular fruit crop (Wu et 2007, Halliwell, 2011 and Ye, 2015).
al., 2011). It is one of the most popular fruit Antioxidants are compounds have given
crops in Egypt, the total area is about electrons that can scavenge free radicals, and
529405 Fed., their fruitful acreage reached minimizing or avoiding damage from free-
over 486271 Fed., and yielding radical processes (Halliwell, 2012; Ramirez
approximately 5142829 tons. (According to etal., 2013 and Aline et al., 2023).
Ministry of  Agriculture and Land Recent research has shown that
Reclamation  Statistics Annual Report, Hydrogen peroxide (H.O;) can act as a
2023). The Cleopatra mandarin (C.reshni strong signaling molecule that mediates a
Tlort.ExTan) rootstock is considered one of variety of physiological and biochemical
the important citrus rootstocks that are processes in plants. Plant growth, growth
distinguished by the quality of the fruits of regulators, antioxidant enzyme activity, fruit
the grafted varieties. Also, it tolerates the output, and plant quality can all benefit from
conditions of new lands in Egypt, such as a lower dose of hydrogen peroxide treatment
salinity and calcium carbonate. However, it (Deng et al., 2012 and Orabi et al., 2015).
is criticized for its slow growth, which leads Exogenous hydrogen peroxide treatments
to a long period of time required to reach the caused the plants to develop root system,
grafting stage. Therefore, it is necessary to increasing the area where all minerals could
carry out some procedures to reduce this be absorbed and boosts plant antioxidant
period of time and reach a good, strong- (Zhang et al., 2011 and Nik et al., 2020).
growing seedling suitable for grafting in a Vitamin E (tocopherol) is an essential
short period of time vitamin for plants and functions as

Vegetative growth in citrus seedlings is antioxidant playing a pivotal role in plant
influenced by various factors including growth (Falk and Munné- Bosch, 2010). The
temperature,  light  intensity,  water chloroplast are the primary site of vitamin E
availability, and nutrient supply, which is biosynthesis in the cytoplasm and vitamin E
very important to optimize citrus seedlings functions as a signaling molecule in plants,
growth. Reactive oxygen species (ROS) or regulating signaling from the chloroplast to
the free radicals are created when oxygen the nucleus and maintaining the redox state
interacts with specific molecules It causes (Wang et al., 2016). During a variety of
injury to cellular membranes, organelles and biotic and abiotic stressors, vitamin E can be
nucleic acids and reduces enzyme activity elevated to high levels (Bao et al., 2020).

(31)
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Conversely, plants with low vitamin E levels
are more vulnerable to various stressful
treatments, indicating that vitamin E plays a
critical role in plant adaptation to their
environment.

Selenium (Se) helps to inhibit the
damage caused by climate changes such as
drought, salinity, heavy metals, and extreme
temperature through its oxidative activity.
Also, regulates antenna complex of
photosynthesis, protecting chlorophylls by
raising photosynthetic pigments (Chen et al.,
2022). Selenium can lessen the effects of
oxidative stress brought on by other
elements that boost plants' antioxidant

systems (Gupta and Gupta, 2017). Selenium
is generally thought to function as an
antioxidant at low concentrations, and as a
pro-oxidant at higher concentrations. The
growth-promoting effect of Selenium may
be attributable to its antioxidant properties
(Maria et al., 2010).

The current study aimed to investigate
the effect of antioxidant treatments and the
possible  mechanisms of action of
antioxidants (hydrogen peroxide, vitamin E
and selenium) on decrease the necessary
period time until Cleopatra mandarin
seedlings are suitable for grafting.

MATERIALS AND METHODS

This experiment was conducted on
potted seedlings of citrus rootstocks
Cleopatra mandarin (C. reshni Tlort. Ex
Tan) in a greenhouse clad with single skin
plastic film of the citrus nursery,
Horticulture Research Institute, Agriculture
Research Center, Giza governorate, Egypt
during two consecutive seasons 2021-2022
and 2022/2023 to enhance and accelerate
growth of Cleopatra mandarin rootstock for
reaching suitable stage for grafting through
investigating their response to foliar spray
with different forms of antioxidant. The
experiment was designed in a randomized
complete block design with three replicates
and each replicate represented by twenty
seedlings. So, the estimated total number of
seedlings used in the experiment was four
hundred eighty seedlings are produced from
one citrus rootstock x eight treatments x
three replicates x twenty seedlings. In both
studied seasons, at mid-March, Cleopatra
mandarin rootstock seedlings that were
uniform and healthy, were carefully chosen,
the seedlings were grown individually in
plastic bags filled with the growing media
consists of (sand + compost of plant origin)
at 1:1 ratio The bags were regularly irrigated
with tap water once every two days, then the
selected seedlings of each category were
randomly subjected to spraying with the
antioxidants treatments. Every treatment was
repeated nine times as a spray (monthly)
starts from May to January. In order to graft
with  Murcott tangerine on Cleopatra
mandarin rootstock, seedlings were carefully
selected during both examined seasons in

(32)

January of the following year based on their
consistency, health, and suitability for the
graft process. During the two consecutive
seasons of  2022-2023, agricultural
techniques, such as irrigation and
fertilization were carried out in accordance
with land reclamation recommendations and
the Citrus Res. Dept. of the Ministry of

Agriculture.

The experiment

treatments as follow:

T;: Control (spraying with water)

T,: Hydrogen peroxide (H,O,) at 500 mg/L.

Ts: Vitamin E (Tocopherol) at 2 mg/L.

T4: Selenium (NaySeOs) at 0.3 mg/L.

Ts: Hydrogen peroxide (H,O,) at 500 mg/L

+ Vitamin E (Tocopherol) at 2 mg/L.

Ts: Hydrogen peroxide (H,O,) at 500 mg/L

+ Selenium (NaySeOs) at 0.3 mg/L.

T7: Vitamin E (Tocopherol) at 2 mg/L +

Selenium (Na,SeO3) at 0.3 mg/L.

Ts: Hydrogen peroxide (H,O,) at 500 mg/L
+ Vitamin E (Tocopherol) at 2 mg/L +
Selenium (Na,SeO3) at 0.3 mg/L.

1) Vegetative growth measurements.

At the end of both seasons, the
effectiveness of the researched treatments
was assessed using the results of the
following measurements:

a) Ten enlarged leaves from each
replicate’s spring cycle-roughly six
months old- were selected from the
center of the seedling. Using a portable
area meter — model LI 3000 made in
U.S.A, the leaf area was calculated in
(cm?).

included eight
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b) Number of leaves / seedling.
c) Leaves and shoots dry matter
percentage: random samples (5g) were
taken in September and dry matter
percentage was assessed after drying at
70° for 24 hour.
Percentage of increase in (fresh or dry)
weight (g) both of shoots or roots
samples were collected at the
experiment beginning and end by using
the formulae:
Increase in (fresh or dry) weight of (vegetative or
roots) (%) = (Fresh or dry) weight of (vegetative
or roots) at experiment end — (Fresh or dry)
weight of (vegetative or roots) at experiment
beginning/(Fresh or dry) weight of (vegetative or
roots) at experiment beginning) x 100
e) Percentage of increase in both seedling
stem length (cm) and diameter (cm)
samples were collected at the end of the
following three times according to the
formulas which described by (EI-

Harouny et al., 2023).

- First time: May and July.

- Second time: August and October.

- Third time: November and January.
Increase in seedling stem length (%) = (Length at time
end - Length at time beginning/ Length at time
beginning) x 100
Increase in seedling stem diameter (%) = (Diameter at
time end - Diameter at time beginning / Diameter at
time beginning) x 100
Grafting success percentage:

Grafting was performed during 15 of
February of each season of study, for
Cleopatra mandarin seedlings with stem
diameter over from 1/2 inch, which
represent suitable diameter for budding
citrus rootstocks (Albrecht et al., 2017).
Grafting success percent was recorded 15
days after grafting using the following

equation (Patel et al., 2010):
Grafting Success (%) = (Number of sprouted grafts /
Total Number of grafts) x 100

The total number of grafts represented
the number of Cleopatra mandarin rootstock
seedlings that attained the stem thickness
appropriate for grafting on February 15 from
for both seasons.

2) Bio-chemical contents:
a) Leaf pigments contents:

Chlorophylls a & b contents as mg/100
g leaves fresh weight were estimated. Fresh
leaves samples (5g) were extracted with
dimethyl formaldehyde solution and placed

d)
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overnight at (5°C). Chlorophyll A and B as

well as carotenoid were measured by

spectrophotometer at wave lengths 663, 647

and 470 nm respectively according to the

equation which described by (Norani 1982).

b) Leaf indole and phenol contents:

Total indole was determined as
mg/100g dry weight according to Larsen
(1962) and total phenols was determined as
mg /100g dry weight by using the Folin
calorimetric method by (Horwitz , 2006).

3) Mineral content of leaves:

0.5 gram of dried leaves samples was
digested using the H,SO, and H)O, as
described by (Cottenie, 1980). The digested
samples were used to determine the
following minerals:

a) Nitrogen using the micro Kjeldahl

technique, as described by Bremner and

Mulvaney (1982)

Phosphor ~ was  quantified by
spectrophotometer according to Murphy
and Riely (1962) technique.

c) According to Temminghoff, and Houba,
(2004), a flame photometer was used to
assess potassium content.

d) Total Carbohydrates (g/100g D.W.): were
determined in dried samples of leaves
and shoots according to the method of
(Dubois et al., 1956).

4) Enzymes activities study:

At end the experiment, a sample of five
leaves per replicate was chosen in order to
assess the antioxidant enzymes activities as
below:

a) Catalase (CAT) activity was measured
using the methodology outlined by
(Gallego et al., 1996).

b) Superoxide dismutase (SOD) activity was
measured in accordance with (Wang et
al., 2004).

c) Glutathione peroxidase (POD) activity
was calculated using the methodology
outlined by (Zhang et al., 1995).

5) Economical evaluation:

The cost of spraying chemicals, labor
and constant cost (electricity for irrigation,
fertilizers, pesticides and grafting) was
estimated to calculate the net income of the
studied treatments with consideration of the
form gate price of the grafted seedlings
through 2022 and 2023 seasons respectively
to assess the profitability of the present

b)
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treatments as (Hudson and Gregorion,
2010).
6) Statistical analysis:

Randomized complete block designs
with eight treatments; three replicates for
each treatment were established. The
obtained data each season were subjected to

one-way analysis of variance (ANOVA)
according to Snedecor and Cochran (1967)
using M-STAT program. Means values
represented the  various investigated
treatments were compared by the Duncan’s
multiple range test (Duncan, 1955) at 0.05
level of significance.

RESULTS AND DISCUSSION

1) Vegetative growth measurements:
a) Leaf area, number of leaves/seedling,
leaf and shoot dry matter percentage:
According to the data illustrated in
Table (1), antioxidant  treatments
significantly increased leaf area, number of
leaves per seedling and leaf dry matter for all
Cleopatra mandarin rootstock seedlings,
however, Hydrogen peroxide at 500 mg/L +
Selenium at 0.3 mg/L (Te) recorded the
highest significant leaf area, No. of
leaves/seedling and leaf dry matter
percentage compared to the control (T;) for
both seasons while (T, and Tg) holds the
greatest significant shoot dry mater for both
seasons  respectively.  Regarding  the

percentage increase in average leaf area ,
number of leaves per seedling and leaf dry
matter Hydrogen peroxide at 500 mg/L +
Selenium at 0.3 mg/L (Ts) shows the
greatest values for both seasons by about
87.15% — 138.46% - 120.55% and 80.25% -
21519 - 91.28% for both seasons,
respectively. However, combination
treatment of both hydrogen peroxide at 500
mg/L + Vitamin E at 2 mg/L + Selenium at
0.3 mg/L (Tg) showed the highest percentage
of shoots dry matter percentage of about
80.75% — 70.77%  for both seasons
respectively as compared with control
treatment (T,).

Table (1). Effect of antioxidant treatments on measurements vegetative growth of Cleopatra
mandarin rootstock seedlings during the two successive seasons.

Leafarea Number of leaves Leaf dry matter Shoots dry matter
Treatments (cm?) / seedling percentage percentage
1* season
T1: Control (spraying with water) 8.95d 13.00 f 1246 ¢ 19.12d
T,: Hydrogen peroxide. 12.94 be 19.52d 1759 b 25.64 ¢
Ts: Vitamin E. 11.37cd 16.00 e 16.41 bc 27.78 bc
T,: Selenium. 15.13 ab 25.31c 26.53 a 33.14a
Ts: Hydrogen peroxide + Vitamin E. 12.73 bc 20.47d 20.23 ab 29.35b
Te: Hydrogen peroxide + Selenium. 16.75a 31.00a 27.48a 27.66 bc
T,: Vitamin E + Selenium. 15.33 ab 24.30¢c 21.46ab 29.73 b
Tg: Hydrogen peroxide + Vitamin E + Selenium. 16.83 a 29.00 b 26.58a 34.56 a
2" season
T,: Control (spraying with water) 9.67d 11.00 f 13.31c 20.97d
T,: Hydrogen peroxide. 13.57 bc 20.46d 18.71b 26.60 c
T Vitamin E. 11.75cd 17.00 e 15.97 bc 28.56 bc
T,: Selenium. 15.46 a-c 25.58 bc 24.59 ab 34.63a
Ts: Hydrogen peroxide + Vitamin E. 13.56 bc 21.00d 19.81b 30.30b
Te: Hydrogen peroxide + Selenium. 1743 a 34.67 a 25.46 a 28.83 bc
T,: Vitamin E + Selenium. 15.64 ab 24.33 ¢ 20.64 b 30.00b
Tg: Hydrogen peroxide + Vitamin E + Selenium. 17.68 a 30.33b 26.46 a 35.81a

At the 5% level, there is no significant difference between the mean that have the same letter.

b) Fresh and dry weight of vegetative
and root growth:

Data in Figs. (1-2) showed that,
antioxidant treatments had a significant
impact on the fresh and dry weight of
vegetative and root growth of Cleopatra
mandarin  rootstock  seedlings. The

(34)

treatment with hydrogen peroxide at 500
mg/L + Selenium at 0.3 mg/L (Te)
significantly  induced the  highest
significant percentage of increase in fresh
and dry weight of vegetative growth which
in turn caused a notable increase in all
parameters by 169.23 - 178.48 % and
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511.76 - 477 % compared the control

treatment (T) respectively. As for the
percentage of increase in roots fresh and
dry weight, hydrogen peroxide at 500
mg/L + Vitamin E at 2 mg/L + Selenium at

0.3 mg/L (Tg) treatment overcame the
control treatment (T;) by 343.04 - 368.00
% and 145.45 - 180.00 % for the two
seasons respectively.

Percentage of increase in fresh weight of vegetative growth
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Fig. (2). Effect of antioxidant on percentage of increase in dry weight of vegetative and root growth.

T,: Control (spraying with water)
T,: Hydrogen peroxide.
Ts: Vitamin E.
T,: Selenium.
c) Stem diameter and length:
The responses of the examined growth
metrics, specifically plant height and stem
diameter, during both seasons are
illustrated in (Figs. 3-4). obtained results
indicate that while the control treatment
(T1) had the lowest value, the Cleopatra
mandarin rootstock seedlings that received
an exogenous application of hydrogen
peroxide at 500 mg/L + selenium at 0.3
mg/L (Te) treatment showed the most
percentage increase in stem length in both
seasons. Furthermore, the treatment that
increased the percentage of stem diameter
the most was hydrogen peroxide at 500
mg/L + Vitamin E at 2 mg/L + Selenium at

(35)

Ts: Hydrogen peroxide + Vitamin E.

Te: Hydrogen peroxide + Selenium.

T: Vitamin E + Selenium.

Tg: Hydrogen peroxide + Vitamin E + Selenium.

0.3 mg/L (Ts) followed by hydrogen
peroxide at 500 mg/L + Selenium at 0.3
mg/L (T7) and hydrogen peroxide at 500
mg/L + Selenium at 0.3 mg/L (Ts) where
the differences were mostly significant.
Regarding the percentage increase in
stem diameter and length, obtained results
indicate that, the variation in activity and
growth over the three designated periods
may be attributed to  differing
environmental circumstances, including
temperature and relative humidity, as well
as the disparity in the duration of daylight
versus nighttime (Ahammed et al., 2021).
Seedling growth was determined by
measuring the percentage of increment in
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both seedling stem length and diameter at
the end of each of the three studied period.
Obtained results indicate that, the
percentage of increase of the stem length
of Cleopatra mandarin rootstock seedlings
were more pronounced throughout the 1%
perlod of growth (May-July) followed by
2" period (Aug.-Oct.) while the increase
percentage through the 3™ period (Nov.-
Jan.) was scare, the percentage of
increment in seedling stem diameter
follows the same pattern as for stem
length. The decline in seedling growth in
the 2nd period (Aug. - Oct) may be
related to the great increase in temperature
during August, September and October

months, which reach inside the green
house an average of 51°C for both seasons
for about 5 to 6 hours /day, which
represent unfavorable temperature for
seedling growth. Increase leaf temperature
from 25 to 40°C cause considerable
reduction in CO, assimilation (Ribeiro et
al., 2004). However, reduction in growth
during the 3" period (Nov. - Jan.) may be
due to the decrease in temperature and
shortening in day length for November,
December and January in reaction to
lower temperatures and a shorter
photoperiod (length of days), plants often
grow more slowly throughout the winter.
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Fig. (3). Effect of antioxidant on percentage of increase in stem diameter.
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Fig. (4). Effect of antioxidant on percentage of increase in stem length.

Ty: Control (spraying with water)
T,: Hydrogen peroxide.

Ts: Vitamin E.

T,: Selenium.

T: Vitamin E + Selenium.
Tg: Hydrogen peroxide + Vitamin E + Selenium.

(36)

Ts: Hydrogen peroxide + Vitamin E.
Te: Hydrogen peroxide + Selenium.
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d) Grafting success (%0): success percentage (6.66 — 8.33%).
For grafting success, reported data in Moreover, the beneficial effect of

Table (2) reveal that, foliar applications of
antioxidant treatment increased
significantly the percentage of grafting
success for Cleopatra mandarin rootstock
for both seasons, and the highest
significant percentage of success was
recorded for Cleopatra mandarin rootstock
at Hydrogen peroxide + Vitamin E +
Selenium (T8) (83.33 and 85.00%)
followed by Hydrogen peroxide +
Selenium (Tg) (73.33 — 75.00%) and
Vitamin E + Selenium (T;) (61.66 —
63.33%) which are suitable for grafting at
mid of February for both seasons
respectively compared with  control
treatment (spraying with water) which
recorded lowest significant grafting

antioxidant spray application on vegetative
growth of Cleopatra mandarin rootstock
seedlings could be explained on
antioxidant improved many physiological
processes such as regulated the plant
growth, differentiation and metabolism of
plants and increasing physiological
availability of water and nutrients (Zahra
et al., 2016). In addition Barakat, (2003)
reported that, The increase in growth of
plant in response to antioxidant treatment
relative to untreated plants might be a
result from increased levels of endogenous
hormones consequently stimulation of cell
division and/or cell enlargement and
subsequently growth.

Table (2). Effect of antioxidant treatments on grafting success percentage of Cleopatra
mandarin rootstock seedlings during the two successive seasons.

Grafting success percentage

Treatments 1%'Season 2"Season
T: Control (spraying with water) 8.33F 6.66 G

T,: Hydrogen peroxide. 43.33D 45.00 E
T4: Vitamin E. 31.66 E 33.33F
T,: Selenium. 56.66 C 53.33CD
Ts: Hydrogen peroxide + Vitamin E. 45.00 D 48.33 DE
Te: Hydrogen peroxide + Selenium. 73.33A 75.00B
T Vitamin E + Selenium. 61.66 B 63.33C
Tg: Hydrogen peroxide + Vitamin E + Selenium. 83.33 A 85.00 A

At the 5% level, there is no significant difference between the mean that have the same letter.

2) Leaf chemical contents.
Leaf pigments content (mg/100g F.W.):-
The data in Table (3) show that
antioxidant  treatments significantly
increase leaf chlorophyll a, chlorophyll b,
total carotenoids, and total chlorophyll
content in both seasons when compared to
the control treatment. The obtained results
showed that Tg treatment significantly
induced the highest chlorophyll a and b in
the 1% season (0.82 and 0.77 mg/100g
F.W.) as well as in the 2" season of study
(0.84 and 0.83mg/100g F.W.) respectively
followed by T, treatment through 2022
season (0.80 and 0.70 mg/100g F.W.) as
well as through 2023 season (0.81 and
0.72 mg/100g. F.W.) than the other
treatments and control. Furthermore, total
chlorophylls were the highest with Tg
(2.44 and 2.47 mg/100g F.W.) respectively

(37)

for both seasons. Carotenoids leaf content
recorded the highest values (1.01 and 1.01
mg/100g. F.W.) in the 1% season and (1.02
and 1.03 mg/100g F.W.) in the 2" season
respectively with T; and Tg treatments
with significant differences than the rest
treatments and control.

This result may be attributed, to
alteration in amino acid balance and
consequently change in the quality of
proteins which are the main element in

chlorophyll production, moreover,
Hydrogen peroxide (H.O,) protects
chloroplast ultrastructure to preserve

photosynthetic pigments and stimulate
photosynthesis (Li et al., 2016c). However,
Selenium helps to protecting chlorophylls
by raising photosynthetic pigments (Gupto
and Gupto, 2017 and Chen et al., 2022).
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Table (3). Effect of antioxidant treatments on leaf pigments contents of Cleopatra mandarin
rootstock seedlings during the two successive seasons.

Attributes Chiorophyll (a) Chiorophyll (b)) . TO%@  Carotenoids
Treatments (mg/100g F.W.) (mg/100g F.W.) (mg/loog Fy.W.) (mg/100g F.W.)
1% season

T,: Control (spraying with water) 0.49e 0.33h 176 e 050 f

T,: Hydrogen peroxide. 0.63¢c 0.49e 1.99c-e 043¢

Ts: Vitamin E. 0.56d 0.36 g 1.88 de 0.64d

T,4: Selenium. 0.80 a 0.70 b 2.25a-Cc 0.86b

Ts: Hydrogen peroxide + Vitamin E. 0.61 cd 0.46 f 2.09 b-e 0.58e

Te: Hydrogen peroxide + Selenium. 0.82a 0.77 a 2.40 ab 0.73¢c

T: Vitamin E + Selenium. 0.70b 0.54d 212 ad 10la

Te: Hydrogen peroxide + Vitamin E + Selenium.  0.74b 0.61c 244 a 10la

2" season

Ty: Control (spraying with water) 0.51e 0.32h 1.80c 0.51f

T,: Hydrogen peroxide. 0.64c 0.50e 2.03 bc 0.46fg

Ts: Vitamin E. 0.57d 0.37¢g 190¢c 0.66d

T, Selenium. 0.81a 0.72b 2.30ab 0.87b

Ts: Hydrogen peroxide + Vitamin E. 0.63¢ 0.47f 211a-c 0.60 de

Te: Hydrogen peroxide + Selenium. 0.84a 0.83a 243a 0.77c

T: Vitamin E + Selenium. 0.71b 0.57d 2.13a-c 1.02a

Te: Hydrogen peroxide + Vitamin E + Selenium.  0.75 ab 0.62c 247 a 1.03a

At the 5% level, there is no significant difference between the mean that have the same letter.

Leaf content of phenol and indole
(mg/100g F.W.):-

Data in Table (4) displays how various
treatments impact the chemical composition
of Cleopatra mandarin rootstock seedlings
leaves over two seasons, control (T;)
treatments has the least leaf content of indole
(0.26 — 0.27 mg/100g F.W.) and the highest
phenol content (1.47 — 1.46 mg/100g F.W.)
respectively.  Otherwise, T, and Ts
treatments get the highest leaf indole content
through the 1% season (0.69 — 0.65) and 2™
season (0.69 — 0.67 mg/100g F.W.) as well
as the least phenole content in 2022 season
(0.64 — 0.84) and in 2023 season (0.62 —

0.83 mg/100g F.W.)  Obtained results is in
agreement with the findings that the plant’s
antioxidant compounds are mainly phenolic
including compounds such as tocopherols,
carotenoids, phenolic acids and flavonoids.
Secondary  plant-derived metabolites,
including phenolic compounds, have a
potent potential to clear free radicals that
exist in all parts of the plant, such as the
leaves, fruits, seeds and roots, on the other
hand, Vitamin E can convert free radicals
into less reaction compounds play a pivotal
role in decrease total phenol Which has a
positive effect on plant growth (Sozen et al.,
2019 and Orabi et al., 2015).

Table (4). Effect of antioxidant treatments on leaf growth promoters and inhibitors of Cleopatra
mandarin rootstock seedlings during the two successive seasons.

Phenol Indole
Treatments (mg/100g F.W.) (mg/100g F.W.)
1% season
T,: Control (spraying with water) 147a 0.26e
T,: Hydrogen peroxide. 122c 0.38d
Ts: Vitamin E. 141b 0.30e
T4 Selenium. 0.64¢9 0.69 a
Ts: Hydrogen peroxide + Vitamin E. 12lc 0.44c
Te: Hydrogen peroxide + Selenium. 0.84f 0.65a
T: Vitamin E + Selenium. 1.04e 0.56 b
Te: Hydrogen peroxide + Vitamin E + Selenium. 1.09d 0.59 b
2" season

T,: Control (spraying with water) 1l46a 0.27f
T,: Hydrogen peroxide. 1.18¢c 0.39d
Ts: Vitamin E. 1.39b 0.33e
T, Selenium. 0.62h 0.69 a
Ts: Hydrogen peroxide + Vitamin E. 1.15d 045¢c
Te: Hydrogen peroxide + Selenium. 0.83¢g 0.67 a
T: Vitamin E + Selenium. 1.01f 0.56 b
Tg: Hydrogen peroxide + Vitamin E + Selenium. 1.08¢ 0.59 b

At the 5% level, there is no significant difference between the mean that have the same letter.



Horticulture Research Journal, 3 (6 ), 31 :43 - September 2025, ISSN 2974/4474

3) Leaf content of minerals:-

The present results (Table 5)
illustrated the leaf mineral content; the
highest nitrogen (N) and potassium (K)
content through both seasons of study was
recorded for T4, T and Tg. In addition to,
Ts, Ts, T7 and T4 treatments have higher
phosphorous (P) and total carbohydrates in
leaves and stem in 2022 and 2023 seasons
respectively with significant differences
than the other treatments. The increase in
N percentage on Cleopatra mandarin
rootstock seedlings could be explained by,
the positive effects of antioxidants on root
growth, which in turn increased nitrate
absorption (Li et al., 2016). As we know

that N, P, K and total carbohydrates in
leaves and stem play important roles
directly or indirectly in cell division, cell
enlargement and differentiation because all
nutrients are the key constituents of many
metabolically active compounds that
regulate various physiological functions
(Sozen et al., 2019). K alone has a crucial
function in the activation of over 50
enzymes (Chen et al., 2022). In this study,
higher nutrient uptake may be one of the
reasons for improved plant growth and
development. Exogenous H,O, treatments
caused the plants to develop a robust root
system, increase all minerals could be
absorbed (Zhang et al., 2011).

Table (5). Effect of antioxidant treatments on leaf mineral content and total carbohydrates of
Cleopatra mandarin rootstock seedlings during the two successive seasons.

Total Total

Nitrogen Phosphorous Potassium carbohydratesin carbohydrates in

Treatments (%) (%) (%) leaves (g/100g stem (g/100g
D.W.) D.W.)
1% season
T,: Control (spraying with water) 1499 0.06 f 0.64f 8.93f 14.81e
T,: Hydrogen peroxide. 194c 0.09e 0.93d 14.14 de 16.07d
Ts: Vitamin E. 1.69 f 0.08 ef 0.76 ef 15.51d 22.82¢
T,: Selenium. 254 a 0.14c 1.12b 25.50¢ 35.96 ab
Ts: Hydrogen peroxide + Vitamin E. 181e 0.12 cd 0.82e 16.61d 23.68¢
Te: Hydrogen peroxide + Selenium. 2.38b 0.17b 1.28a 25.76 ¢ 33.77b
T: Vitamin E + Selenium. 227bc 0.16b 1.03¢ 30.54a 37.01a
Tg: Hydrogen peroxide + Vitamin E + Selenium.2.44ab  0.19a 1.22 ab 27.38 b 35.93 ab
2" season
T,: Control (spraying with water) 151¢g 0.07e 0.68 e 9.58¢e 15.93e
T,: Hydrogen peroxide. 192e 0.10d 0.96¢ 14.62d 16.58d
Ts: Vitamin E. 171 f 0.09d 0.80d 15.74d 23.04c
T,: Selenium. 257a 0.15¢ 1.15b 2596 ¢ 36.57 a
Ts: Hydrogen peroxide + Vitamin E. 187e 0.13¢c 0.85d 16.75d 24.08 ¢
Te: Hydrogen peroxide + Selenium. 240c 0.19a 1.26a 26.94 bc 34.85b
T: Vitamin E + Selenium. 2.31d 0.17b 1.08 b 31.67a 37.38a
Tg: Hydrogen peroxide + Vitamin E + Selenium.2.48 b 0.20 a 1.23a 28.87b 36.31a

At the 5% level, there is no significant difference between the mean that have the same letter.

4) Enzymes activity:-

The data in Table (6) revealed that
treated Cleopatra mandarin rootstock
seedlings had increased activity of catalase
(CAT), superoxide dismutase (SOD), and
glutathione peroxidase (GSH) enzymes as
a mode of defense against any stress. The
relationship between antioxidant responses
in plants and enzymes increased activity
has been examined across a wide range of
species, demonstrating that, stress causes
oxidative damage via reactive oxygen

species  (ROS)  buildup, activating
sophisticated antioxidant defense
mechanisms  from through enzymes

(39)

increased activity (Farmer and Mueller,
2013). In terms of enzymatic defenses, the
activity of superoxide dismutase (SOD),
catalase (CAT), and ascorbate peroxidase
(APX) is increased to neutralize ROS.
Non-enzymatic defenses rely on proline,
ascorbate (AsA), and glutathione (GSH) to
scavenge ROS (Apel and Hirt, 2004).
Cleopatra mandarin had higher proline and
total AsSA levels under stress, but it
incurred more oxidative damage because
to inadequate enzymatic coordination
(Wang et al., 2022). In this regard, data
from Table (5) showed that spraying
Cleopatra mandarin rootstock seedlings
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with hydrogen peroxide at a concentration
of 500 mg/L, vitamin E at a concentration
of 2 mg/L, and selenium at a concentration
of 0.3 mg/L, either individually or in
combination, results in a significant
increase in the activity of catalase (CAT),
superoxide  dismutase (SOD), and
glutathione peroxidase (GSH) enzymes in
leaves when compared to untreated
seedlings. This finding could be related to

the fact that antioxidant application
enhances the activities of antioxidant
enzymes as part of the plant's defense
mechanism, by regulating antioxidative
metabolism in plants during stress,
maintaining higher antioxidant activities,
and improving the efficiency of the
ascorbate-glutathione cycle in detoxifying
(Sozen et al., 2019).

Table (6). Effect of antioxidant treatments on antioxidant enzymes activities (u/g. min) of
Cleopatra mandarin rootstock seedlings during the two successive seasons.

Catalase Superoxide Glutathione

enzyme dismutase enzyme peroxidase enzyme
Treatments
T,: Control (spraying with water) 0.90 ef 20.25¢e 55.00 f
T,: Hydrogen peroxide. 2.10d 25.60d 71.75d
Ts: Vitamin E. 140¢€ 23.50 de 60.00 e
T,: Selenium. 3.50b 39.80 b 70.00d
Ts: Hydrogen peroxide + Vitamin E. 2.70c 30.50 ¢ 75.00 c
Te: Hydrogen peroxide + Selenium. 4.30a 44.75 ab 88.60 bc
T,: Vitamin E + Selenium. 3.60b 40.30 b 95.50 a
Tg: Hydrogen peroxide + Vitamin E + Selenium. 3.80ab 46.00 a 90.00 b

At the 5% level, there is no significant difference between the mean that have the same letter.

5) Economical evaluation:-
Economically speaking, foliar
spraying hydrogen peroxide, selenium,
vitamin E, or their combination shortened
the time it took for seedlings to become
suitable for grafting, which in turn
decreased the amount of time they spent in
nurseries and, ultimately, the cost of
producing citrus seedlings. This decrease
is noticeable for a Cleopatra mandarin
seedling that achieved grafting after
approximately nine months of antioxidant
treatment Table (7). In contrast, under
control treatment, it takes twenty-four
months for the seedlings to be suitable for

grafting. This increases the costs of
producing Cleopatra mandarin seedlings,
including labor costs during that time as
well as fertilizer, irrigation, and pest
control costs. The present treatments in
Table (7) showed that, the highest net
income was gained from the combination
of Hydrogen peroxide + Selenium +
Vitamin E (Tg) and Hydrogen peroxide +
Selenium (Tg) followed by Vitamin E +
Selenium (T7) and Selenium (T4). On the
other hand, the other treatments showed
low net income while control treatment
showed negative net income.

Table (7). Economical evaluation of the present treatments on net income of grafted

Cleopatra mandarin rootstock seedlings.

Chemicals Labors Chemicals + Constant cost Total cost No. of grafted Seedlings Net income

Treatments (LE)  (LE) labors (LE)  (LE) (LE)  seedlings price (LE)  (LE)
T;: Control (spraying with water) —_— 85 85 120 205 7 119 -86
T,: Hydrogen peroxide. 14 85 99 120 219 26 442 223
Ts: Vitamin E. 18 85 103 120 223 19 323 100
T,: Selenium. 68 85 153 120 273 34 578 305
Ts: Hydrogen peroxide + Vitamin E. 32 85 117 120 237 27 459 222
Te: Hydrogen peroxide + Selenium. 82 85 167 120 287 44 748 461
T,: Vitamin E + Selenium. 86 85 171 120 291 37 629 338
Tg: Hydrogen peroxide + Vitamin E + 100 85 185 120 305 47 799 494
Selenium.

(40)
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CONCLUSION

So, we can recommend nursery
growers of Cleopatra mandarin rootstock
to foliar spray the seedlings with
Hydrogen peroxide (H20,) at 500 mg/L +
Vitamin E (Tocopherol) at 2 mg/L +

Selenium (NapSeO3) at 0.3 mg/L. The
foliar spray should be propitious to the
growing season (from May to January) as
monthly dosage to increase grafting
success percentage, vegetative and root
growth followed by higher net income.
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