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ABSTRACT
Aims: The objective of this study is evaluate the effects of both pre-sowing gamma irradiation at
low dose of 0 or 20 Gy and the soaking part of radiated seeds in zinc nanoparticles (Zn NPs)
solutions at rate 0, 500, 1000 and 2000 ppm on behavior and physiological changes of sour orange
seedling.
Study Design: The design of the study is Two-Way Randomized Blocks.
Place and Duration of Study: The present study was carried out during two successive seasons
of 2016-2017 and 2017-2018 on sour orange rootstock (Citrus aurantium) grown at the
experimental farm of the Horticulture Institute, Giza , Egypt.
Methodology: Eight different treatments were used as follow: 1) Control, 2) Gamma radiation at 0
Gy + soaking in Zn NPs at 500 ppm. 3) Gamma radiation at 0 Gy + soaking in Zn NPs at 1000
_____________________________________________________________________________________________________
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ppm. 4) Gamma radiation at 0 Gy + soaking in Zn NPs at 2000 ppm. 5) Gamma radiation at 20 Gy
+ soaking in tap water Zn NPs at 0 ppm. 6) Gamma radiation at 20 Gy + soaking in Zn NPs at 500
ppm. 7) Gamma radiation at 20 Gy + soaking in Zn NPs at 1000 ppm. 8) Gamma radiation at 20
Gy + soaking in Zn NPs at 2000 ppm.
Results: Transmission electron microscope (TEM) images showed multiple shapes and uniform
distribution of Zn NPs through the polymer network and the mean size of Zn NPs ranging is 40.9
nm. Generally, the results reveal that, 20 Gy combined with 1000ppm Zn NPs treatment increased
seed germination percentage and stem length. While, 20 Gy plus 500 ppm Zn NPs treatment
increased stem diameter and plant pigments concentration. Protein analysis of sour orange
seedling treated with gamma radiation and then Zn NPs showed that, protein groups pattern (1020 KD) enhanced with gamma rays 20 gray alone or with Zn NPs at 500 or 1000 ppm, while the
protein groups pattern above 60 KD disappeared.
Conclusion: Using gamma irradiation and then soaking part of irradiated seeds in Zn NPs
solutions had significant effects on vegetative growth and root characters as well as some
chemical properties of sour orange leaves. In addition, there are variable differences in the protein
pattern between treated and untreated sour orange seedlings with gamma radiation and / or Zn
NPs. Although, 20 Gy + 500 ppm Zn NPs treatment increased stem diameter, which is the main
characteristic for the success of grafting process, the obtained results showed changes in proteins
and it possible the gene structure had been changed due to this treatment.
Keywords: Sour orange; gamma radiation; Zn –nanoparticals; protein analysis.
optimal dose of irradiation which varies
depending on crop and application. Radiation
mediated morphological, structural and/or
functional changes in a plant are governed by the
intensity and duration of the gamma irradiation
[5].

1. INTRODUCTION
Citrus is an important genus of the family
Rutaceae in the plant kingdom. Its importance is
demonstrated by its wide distribution and largescale production. It is highly prized and
economically remunerative fruit [1].

The increasing tree growth in Zn treated trees
might be due to active involvement of Zn in the
tryptophan synthesis which is a precursor of
indole acetic acid synthesis; consequently it
increased tissue growth and development [6].
Sufficient level of Zn in plants promotes the
photosynthesis, nucleic acid metabolism and
protein biosynthesis [7].

Rootstocks had a substantial role in citrus
industry development in the world. Rootstock
utilization is necessary for solving both limiting
and restricting factors of citrus production (soil,
climate, disease, and pests, etc.), meeting
producers and consumers demands such as
productivity, earliness, shorter juvenility, fruit
quality [2]. Citrus rootstocks have differently
influenced in the growth and development,
including yield, fruit quality, and tolerance to
stress caused by biotic and abiotic factors of
budded cultivars in relation to ecological
conditions [3].

Nanotechnology has a great potential in
agriculture sector and the food industry, by
improving the life quality through its applications.
Nanotechnology tools are used to enhance the
ability
of
plants
to
absorb
nutrients.
Micronutrients are important in agricultural
production in terms of quantity, quality and
human health. Nano magnesium, manganese,
zinc, potassium compounds are in the form of
nanostructures that the plant needs in a very
small form compared to the available fertilizer [8].

Sour orange (Citrus aurantium) has been widely
used as rootstock for citrus production. Fruit
quality is highly influenced by the rootstock [4].
Some citrus rootstocks seem to provide fruits
with higher content of bioactive compounds,
which is very interesting for a better aptitude for
both fresh consumption and industry.

Nanoparticles (NPs) interact with plants causing
many morphological and physiological changes,
depending on its properties. Nanoparticles
efficacy is determined by their chemical
composition, size, surface covering, reactivity,
and most importantly the dose at which they are
effective [9].

Gamma
irradiation
induced
physiological
changes in crop although, it is a technology with
immense applications in agriculture, its potential
exploitation in agriculture is limited mainly
because of lack of information awareness on
2
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Nanoparticles applied to plant, may cause
modifications for the gene expression of this
treated plant as well as the accompanying
genetic pathways that finally affect the growth
and development of this plant [10]. Engineered
nanoparticles are able to inter into plants cells,
leaves, and also can transport DNA and
chemicals into plant cells [11].

2.4 Characterizations
The structural and morphological characteristics
of the prepared zinc nanoparticles were studied
with various techniques such as transmission
electron microscope (TEM) and dynamic light
scattering (DLS) measurements.
2.4.1 Transmission
electron
(TEM) measurements

The objective of this study is report facile and
novel technique for the synthesis of the PVPcapped zinc nanoparticles under the gammairradiation method. Also, evaluate the effect of
gamma irradiation and nano-Zn on behavior as
well as physiological changes of sour orange
seedling.

microscope

The present study was carried out during two
successive experimental seasons 2016 - 2017
and 2017-2018 on sour orange rootstock (Citrus
aurantium), planted in March at the nursery of
Horticulture Research Institute.

Transmission
electron
microscopy (TEM)
measurements were performed with a (JEOL,
JEM 100CX, Japan) operating at 80 kV.
Transmission electron microcopy (TEM) was
used to find out the size of zinc nanoparticles
inside the aqueous solution. To image the zinc
nanoparticles on TEM, 0.01 ml of the prepared
solution was diluted by adding 1 ml of distilled
water followed by sonication. Approximately 10–
20 μL of this solution was dropped on a 3 mm
copper grid, drying at room temperature. The
copper grid was inserted into transmission
electron microscope.

2.1 Plant Material Source

2.4.2 Dynamic light scattering (DLS)

The required seeds of sour orange were
obtained from healthy mature fruits of adult trees
in mid of February during 2016 and 2017
seasons. Seeds were extracted, washed and air
dried, soon after fruits picking. The prepared
seeds were preserved at 3ºC. Preserved until
treated and sown.

Zinc nanoparticles size was measured by
Zetasizer Nano ZS, Malvern Instruments Ltd,
United Kingdom according to Kumar and Unstedt
[12], where every 0.01 ml of the prepared
aqueous solution from PVP/Zinc nanoparticles
was diluted with 1 ml of distilled water then
sonicated and examined by DLS.

2.2 Gamma Irradiation

Irradiated seeds as well as the control seeds "0
Gray" were soaked in nano-Zn solutions at the
rate 0, 500, 1000 and 2000ppm immediately after
exposure to gamma radiation, and planted at the
third week of March 2016 and 2017 in plastic
bags. Each bag contained 5 seeds to represent
one replicate, and each of the eight treatments
was represented by ten replicates. Two months
after planting, uniform and healthy seedlings
were chosen and transplanted individually in
black polyethylene bags with dimensions 15 x
35cm, filled with sand: peat moss (3:1) and kept
under greenhouse. The planted bags were
arranged in the nursery in factorial randomization
completely block design with 10 replicates, 8
treatments.

2. MATERIALS AND METHODS

Dry seeds of sour orange were irradiated with
gamma rays at doses 0 and 20 Gy (dose rate
2.028 and 1.776 Gray/min for both seasons,
respectively) at the third week of March, 2016
and 2017 using gamma-Cell 60Co, National
Center for Radiation Research and Technology,
Atomic Energy Authority.

2.3 Preparation of Nano Zinc Particles
A detected amount of PVP was dissolved in 1
liter distilled water via magnetic stirring then
adding 0.35M of ZnSO4 at 70°C. After dissolving,
2.3 M of acetic acid was added and followed by
the addition of glycerol. The solution was left
under stirring until the appearance of pale yellow
60
color. Finally, the solution was irradiated via Co
gamma irradiator at the irradiation dose 30 k Gy.

The following treatments were applied:
1. Control (0 Gy + soaking in tap water, Zn
NPs at 0 ppm).
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2.7.2 Total phenols, total indoles and total
free amino acids

2. Gamma radiation at 0 Gy + soaking in Zn
NPs at 500 ppm.
3. Gamma radiation at 0 Gy + soaking in Zn
NPs at 1000 ppm.
4. Gamma radiation at 0 Gy + soaking in Zn
NPs at 2000 ppm.
5. Gamma radiation at 20 Gy + soaking in tap
water Zn NPs at 0 ppm.
6. Gamma radiation at 20 Gy + soaking in Zn
NPs at 500 ppm.
7. Gamma radiation at 20 Gy + soaking in Zn
NPs at 1000 ppm.
8. Gamma radiation at 20 Gy + soaking in Zn
NPs at 2000 ppm.

Total phenols, total indoles and total free amino
acids were determined in fresh leaves. Total
phenols were determined according to Swain
and Hillis [15]. Total indoles were determined
according to Larsen [16], as well as total free
amino acids were determined according to
Jayaraman [17].
2.7.3 Total carbohydrates
Total carbohydrates in dry matter of leaves were
determined by 3,5-dinitrosalicylic acid according
to Miller [18].

Agricultural practices were done as the Citrus
Res. Dept. and Ministry of Agriculture
recommendation in the nursery during two
experimental seasons.

2.7.4 Nutrients
N, P, K, and Zn concentrations were determined
in dry matter of leaves at the end of
experimental. Total N% was determined by semimicro Kjeldahl method described by Plummer
[19]. Phosphorus was estimated colorimeterically
by
using
the
chlorostannous
reduced
molybdophosphoric blue colour method as
described by King [20]. Potassium concentration
was determined by using the flame photometer.
Zinc concentration was determined by atomic
absorption spectrophotometer.

The following parameters were recorded:

2.5 Seeds Germination Stage
Seed germination, albino and damping off
seedlings were counted in each replicate and
then germination, albino as well as damping off
percentages were calculated according to
Hartmann and Kaster [13] as follows:
Germination (%) = (Number of germinated
seeds / Initial number of seeds) x 100

2.8 Root Characters

Albino (%) = (Number of albino seedlings /
Initial number of seedling germinate) x 100

Horizontal and vertical root extension, fresh and
dray weight of roots was determined for each
replicate at the end of experimental season and
then dry matter percentage of roots was
calculated according to the following equation:

Damping off (%) = (Number of damped off
seedlings / Initial number of seedling
germinate) x 100

Dry matter percentage = (Fresh weight- dry
weight / Fresh weight) x 100

2.6 Vegetative Growth Characters

2.9 Protein
Extraction
Analysis

Five leaves per plant from each replicate were
picked from the middle part of plant for leaf area
2
(cm ) determinate. Also, stem length (cm), stem
diameter (mm), and number of leaves per plant
for each replicate were determined at the two
experimental seasons.

Method

and

Different plant samples were collected, labeled
and grounded by using liquid nitrogen using
mortar and pestle, and then 1 ml of cold QB
buffer was added to 1 g plant powder and mixed
vigorously under cooling system. The mix was
transferred to 1.5 ml microfuge tube and placed
on ice. Samples Span at the highest speed in a
microfuge at 4 degrees C for 15 minutes.
Supernatant was transferred into new microfuge
tube and centrifuged at the highest speed for 10
minutes under cooling system and resulted
supernatant was transferred to new microfuge.

2.7 Leaf Chemical Composition
2.7.1 Plant pigments
Chlorophyll a, b, total chlorophyll as well as total
carotenoids
were
measured
by
spectrophotometer in fresh leaves according to
Nornai [14].
4
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Samples stored in -80
80 degree freezer. SDSSDS
PAGE was performed by the method described
by Laemmli [21]. Proteins were analyzed
analyz on 1.5mm thick and 15-cm
cm long gels run in a dual
vertical slab unit (Hoefer Scientific Instruments,
San Francisco, CA, USA). From each sample, 25
ul of protein extract was loaded on a
polyacrylamide gel. The separation gel (10 %)
and staking gel (3.5%) were prepared from an
acrylamide monomer solution (Roth, Karlsruhe,
Germany). Protein was electrophoresed at a
constant current of 30 mA through the stacking
gel, and at 90 mA through the separation gel at
room temperature, the gels were stained by
silver nitrate [22].

To prevent increasing particle size, a polymer is
often used, either natural or synthetic, with some
affinity for metals. The polymer is adsorbed on
the cluster in aqueous solution and reduced
surface tension. These substances also control
both the reduction
on rate of metal ions and the
aggregation process of metal atoms. It was
reported that polyvinyl pyrrolidone (PVP) could
stabilize colloidal particles in water and many
non-aqueous
aqueous solvents by adsorbing onto a broad
range of materials, such as metals (e.g.
(e.g., gold,
silver, and iron), and metal oxides (kaolinite,
TiO2, iron oxide, and alumina) [27]. Here, in this
work, PVP will be used as stabilizing agent for
zinc nanoparticles to prevent agglomeration
formation.

2.10 Statistical Analysis

3.1.1 Transmission
Electron
measurements (TEM)

Obtained data was statistically analyzed to
determine the analysis of variance and significant
differences between means according to
Snedecor and Cochran [23]. The multiple
comparisons of means were performed
according to Duncan’s multiple test range [24]
using COSTAT computer program.

Microscope

It is clear from the Fig. 1(A) that, the zinc
nanoparticles formed in the polymer networks
have multiple shapes (such as spherical,
pyramidal, and rhombus), and lower than 100
nanometers in size. On the other hand, as seen
in Fig. 1 (B) demonstrates
strates the corresponding size
distribution of zinc nanoparticles over the
polymer network. The size distribution values of
zinc nanoparticles were found to be in the range
over 11-98
98 nm. The average diameter value was
40.9 nm, which obtained by averaging the size of
9 particles detected in the TEM image [27].

3. RESULTS AND DISCUSSION
SSION
3.1 Zn Nanoparticles Synthesis
In this study, zinc nanoparticles [ZnNPs]
[ZnNPs was
synthesized by gamma radiation. The gamma
irradiation induced technique has proven to be
an appropriate method for fabrication of
monometallic or bimetallic nanoparticles because
it produces fully reduced and highly pure metallic
nanoparticles, free from by-products
products and
reducing agents [25]. Large numbers of free
electrons and solvated electrons produced during
gamma-ray
ray irradiation in colloidal solutions can
reduce the metal ions into zero-valent
zero
metal
atoms without using reducing agents or catalysts
and their consequent side reactions [26]. In
addition, hydroxyl and hydrogen radicals (OH•
•
and H ), induced in radiolysis of water are also
strong reducing agents in aqueous colloidal
solution which eventually reduced Zn+2 into zero0
valent atoms of Zn as shown in the following
reactions:

3.1.2 Dynamic
light
measurements

scattering

(DLS)

The data in Fig. 2 revealed that, the dynamic
light scattering (DLS) measurements of
PVA/PVP hydrogel loaded by 12 mmol Ag NO3.
For this purpose a 0.01 ml of PVP/zinc nano gel
solution was added to 1 ml bid stilled H2O then
examined by DLS. The particle size was found to
be about 98.4 nm. DLS size ranges of Zn NPs
were found to be greater than TEM size. Might
be because DLS measures
res the hydrodynamic
diameter of nanoparticles, where the amphiphilic
nanoparticles were surrounded by water
molecules; may be attributed to being the cause
of the large size of capped formulation
formulation.

3.2 Seed Germination

Zn+2 +2e-aq

It is clear from data presented in Table 1 that,
pre-sowing
sowing gamma irradiation and Zn NPs
soaking of sour orange seeds had significant
effect on germination percentage. As, the highest
values of seed germination percentage were

Zn0
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recorded by the 20 Gy +1000 ppm Zn NPs and
20 Gy +2000 ppm Zn NPs treatments at the two
experimental seasons, when compared with
control (zero Zn NPs + 0 Gy).

molecular effects [29]. Low irradiation doses had
significant effect on germination and growth
parameters of three varieties of Chinese
cabbage [30].

These results are in agreement with those
obtained by Jawaharlal et al. [28] on citrus
species.

Also, nutrients along with water might also
transport nanoparticles (NPs) and ions to the
intra cellular space of seed coat and affects seed
germination [31]. Enhanced germination of
Glycine max by ZnO NPs at 1000 ppm could be
attributed to increased nitrate reductase enzyme
activity and enhanced antioxidant system [32].
ZnO nanoparticles concentration ranging from
500 to 1500 mg/L adversely affects seed
germination, growth of Brassica nigra seedling
and also lead to an increase in the antioxidative
activities and non-enzymatic antioxidants [33].

In this respect, it is well known that gamma
radiation effects on most components in living
cells of tissues or seeds and plants, and this
effect depending on several factors. The more
important of these factors are moisture content
and chemical constituent. Moreover, ionization
also causes the production of hydrogen peroxide
and free radicals, which are themselves
activator, stimulator and mutagenitic through

Fig. 1. (A) TEM micrograph of PVP/Zinc nanoparticles, (B) The corresponding size distribution
of zinc nanoparticles

Fig. 2. DLS measurement of the zinc nanoparticles involved in diluted PVP nanogel solution
6
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Table 1. Effect of pre-sowing gamma irradiation and nano-Zn (Zn NPs) soaking on germination,
albino and damping off percentages
Treatments
0 Gy+ 0 Zn NPs(control)
0 Gy+ 500 Zn NPs
0 Gy+ 1000 Zn NPs
0 Gy+ 2000 Zn NPs
20 Gy + 0 Zn NPs
20 Gy + 500 Zn NPs
20 Gy + 1000 Zn NPs
20 Gy + 2000 Zn NPs

Germination (%)
st
nd
1
2
64.00 e
75.00 d
76.00 d
78.00 d
82.00 bc
88.00 b
78.00 cd
82.00 c
84.00 b
84.00 c
94.00 a
90.00 b
97.00 a
96.00 a
96.00 a
94.00 a

Albino (%)
st
nd
1
2
3.85 a
3. 66 a
3.13 b
2.67 b
1.22 d
1.14 cd
2.63 c
2.57 b
1.19 de 1.19 c
1.06 ef
1.11 cd
1.03 f
1.04 d
1.04 f
1.07 d

Damping off (%)
st
nd
1
2
10.99 a
19.58 a
2.63 b
2.57 bc
1.22 c
1.14 d
3.85 b
3.66 b
1.19 c
1.19 cd
1.06 c
1.11 d
1.03 c
1.04 d
1.04 c
1.07 d

Means in each column followed by the same letters did not differ at p<0.05

Concerning to albino and damping off
percentages the data showed that, in the tow
experimental seasons pre-sowing gamma
irradiation and soaking in Zn NPs decreased
albino and damping off percentages. The lowest
values of albino and damping off percentages
were recorded by 20 Gy+1000 ppm Zn NPs, 20
Gy + 2000 ppm Zn NPs, respectively as
compared with control.

Concerning the stem diameter, the highest
values of stem diameter was obtained by presowing sour orange seeds with gamma
irradiation at 20 Gy plus 500 or 1000 ppm Zn
NPs respectively, at the two experimental
seasons. The stem diameter of seedlings is
reaching to the grafting size by 20 Gy +500 ppm
Zn NPs treatment (4.49 and 4.88) as compared
with control (2.36 and 2.78), respectively, in the
two experimental seasons.

3.3 Vegetative Growth Characters

The major objective is increasing the growth rate
of the main stem of the seedling in order to
obtain a greater stem diameter for earlier grafting
and budding, thereby shortening the time needed
to produce a budded tree [36].

The data in Table 2 showed that, there is
positive relationship between the concentration
of Zn NPs solution and stem length. Also,
pre-sowing gamma irradiation and then
soaking in Zn NPs solution enhancing stem
length more than soaking in Zn NPs solution
without gamma irradiation. In the two
experimental seasons, the highest values
of stem length were recorded by 20 Gy plus
2000 ppm Zn NPs as compared with
control.

In this respect, low dose of gamma irradiation
stimulates cell division, on the other hand, highdose inhibits cell division due to free radicals and
DNA system damage [37]. Effects of gamma
rays
on
quantitative
and
qualitative
characteristics of rice indicated that radiation
dose somewhat improved growth characteristics,
but with increasing dose rate, a decreasing trend
is observed on the studied traits [38].

Stem length is important part of vegetative
growth of citrus, if the plant has more height so
there will be more number of branches and total
number of leaves [34].

Also, although, zinc itself regulated the synthesis
of endogenous plant hormones; presence of
auxin also regulates local synthesis of cytokinin
by
controlling
the
expression
of
adenosinephosphate–iso pentenyl transferase
(PsIPT) gene, which encodes a key enzyme in
cytokinin biosynthesis [39]. Auxin and cytokinin
also interact at metabolic level to control plant
development and emergence of one part initiate
to synthesize hormones for opposite one [40].

In this respect, the increase in shoot length in
response of NPs might be nutritional behavior of
particles or of dissociated ions but at non- lethal
concentration [33]. The potential contribution of
nano fertilizers to improving the growth,
development and productivity of agricultural
crops is their ability to increase both absorption
and high interactivity [8]. The application of these
nano- Zn fertilizers will be having high surface
area and also required in very less quantity and
promotes better absorption, translocation and
hence reduces the Zn toxicity [35].

The data in Table 2 demonstrated that, all
treatments increased leaves number and leaf
area as compared with control at the two
successive seasons. While, the highest values
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were obtained by γ radiation at 20 Gy with 2000
or 1000 ppm Zn NPs, respectively.

Regarding to total carotenoids concentration, the
data in Table 3 revealed that, in the two
experimental seasons, there are significant and
non- significant increases were recorded by all
treatments. The highest values were obtained by
2000 ppm nano Zn with or without Gy irradiation.

In this respect, gamma irradiation has a profound
influence on plant growth and development by
inducing genetical, cytological, biochemical,
physiological and morphogenetic changes in
cells and tissues depending on the levels of
irradiation [41]. Gamma irradiation had significant
effect on average length and width of Cucurma
longa leaves, inducing larger sized leaves at
lower doses while higher doses had inhibitory
effect on leaves length [42].

In this respect, carotenoid content also rose
gradually with the increasing of irradiation
intensity [48].
3.4.2 Total phenols
It is clear from data presented in Table 4 that,
there are negative relationship between the
concentration of Zn NPs and phenolic
compounds concentration, with some exceptions
in the second season. The highest value of
phenolic compounds was obtained by pre-sowing
sour orange seeds with gamma irradiation at 20
Gy alone without soaking in Zn NPs solutions as
compared with control.

3.4 Leaf Chemical Composition
3.4.1 Plant Pigments
Concerning to the leaf pigments concentrations,
the data in (Table 3) revealed that, in the two
successive seasons all treatments increased the
concentrations of chl. a chl. b and total
chlorophyll, when compared with control, with
some exceptions at the first season. Also, in the
two experimental seasons, the highest values of
chl. a, chl. b and total chlorophyll were obtained
by 20 Gy +500 ppm Zn NPs treatment.

In this respect, gamma rays belong to ionizing
radiation and interact with atoms or molecules
can damage or produce free radicals in cells.
These radicals can damage or modify important
component of plants eg. dilation of thalakoid
membranes, alteration
in photosynthesis,
modulation of the antioxidative system and
accumulation of phenolic compounds [49].
Accumulation of phenolic and flavonoid
compounds was enhanced in leaf cells by
gamma irradiation exposure [48]. There are an
increase
in
non-enzymatic
antioxidative
molecules, phenolics and flavonoids, depending
on NPs concentration [33].

These results are in agreement with Prasad et al.
[7] who noticed that, the use of nano Zn oxide in
groundnut that higher leaf chlorophyll content
was manifested by early flowering and effective
in increasing stem and root growth, as well as
Ramesh et al. [43] who observed that, there are
increase in leaf chlorophyll and protein content of
Triticum aestivum with nano-ZnO treatment.
The growth of a plant is very much dependent
upon the amount of chlorophyll content as
chlorophyll is the main pigment involved in the
production of organic matter, i.e carbohydrates
[44].

3.4.3 Total indoles
The data in Table 4 showed that, in the two
experimental seasons all treatment significantly
increased the total indoles concentrations. The
highest values were obtained by 20 Gy +1000
ppm Zn NPs as well as 20 Gy +2000 ppm Zn
NPs, respectively when compared with control.
The effect of nano- Zn treatments could be due
to, the role of Zn in synthesis of IAA.

In this respect, increased chlorophyll content in
Kagzi lime was due to the application of zinc and
copper resulted in enhanced conversion of
phylloxanthin to chlorophyllin [45]. Nano Zn
treatment showed higher chlorophyll content,
yield and shoot biomass of maize as compared
to ZnSO4 treatment [35].

In this respect, zinc play a role in the auxin
metabolism of plants, although details of the
physiological processes involved have yet to be
elucidate. The synthesis of tryptophan out of
indole and seriene is known to be catalyzed by
zinc [50]. Nanotechnology had significant effect
on the regulation of plant hormones like auxin
which is responsible for best root growth and
seedling organization [51].

Also, irradiating seeds before sowing with low
gamma doses increased leaf content of
chlorophyll a and b where both components
exhibited the same response [46]. Growth and
pigment composition of plants can be affected by
both radiation and availability of nutrients [47].
8
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Table 2. Effect of pre-sowing gamma irradiation and nano- Zn (Zn NPs) soaking on growth characters of sour orange seedlings
Treatments

Stem length (cm)
nd
1
2
50.13 e
51.63 e
52.86 de
54.93de
55.87 cd
56.03 cd
60.57 ab
61.23 b
53.60 de
55.58 cd
56.80 bcd
59.01 bc
60.11 abc
61.73 b
63.47 a
65.78 a
st

0Gy+0 ZnNPs(control)
0 Gy+ 500 Zn NPs
0 Gy+ 1000 Zn NPs
0 Gy+ 2000 Zn NPs
20 Gy + 0 Zn NPs
20 Gy + 500 Zn NPs
20 Gy + 1000 Zn NPs
20 Gy + 2000 Zn NPs

Stem diameter (mm)
nd
1
2
2.36 d
2.78 cd
3.38 bc
2.92 cd
3.53bc
3.25 bc
2.90 cd
2.59 d
3.75abc
3.31 bc
4.49 a
4.88 a
3.89 ab
3.63b
3.54bc
3.10 bcd
st

Number of leaves
nd
1
2
14.80 f
16.53 f
21.60 de
23.80 de
22.90 cd
25.60 cd
26.10 bc
27.10 cd
19.00 e
20.26 ef
27.40 b
27.70 bc
29.20 ab
31.23 ab
32.10 a
32.90 a
st

Leaf area (cm2)
nd
1
2
8.68 g
8.90 e
13.76 e
14.16 cd
14.76 de
15.97 c
15.53 cd
16.28 bc
11.21 f
12.00 d
15.94 c
14.55 c
17.74b
18.30 b
20.02 a
22.95 a
st

Means in each column followed by the same letters did not differ at p<0.05

Table 3. Effect of pre-sowing gamma irradiation and nano-Zn (Zn NPs) soaking on leaf pigments concentration (mg/g.f.w.) of sour orange leaves
Treatments
0 Gy+ 0 Zn NPs (control)
0 Gy+ 500 Zn NPs
0 Gy+ 1000 Zn NPs
0 Gy+ 2000 Zn NPs
20 Gy + 0 Zn NPs
20 Gy + 500 Zn NPs
20 Gy + 1000 Zn NPs
20 Gy + 2000 Zn NPs

1st
0.893 b
0.986 b
0.999 b
1.307 a
1.010 b
1.438 a
1.288 a
1.340 a

Chl. a
2nd
0.909 d
1.113 c
1.280 b
1.229bc
1.262bc
1.444 a
1.332ab
1.275b

1st
0.383 b
0.446 b
0.438 b
0.600 a
0.460 b
0.671 a
0.608 a
0.606 a

Chl. b
2nd
0.386 d
0.470 c
0.560 b
0.581 b
0.574 b
0.658 a
0.615 ab
0.583 b

1st
1.273 d
1.430 c
1.434 c
1.907 b
1.467 c
2.104 a
1.893 b
1.941 b

Total chl.
2nd
1.290 d
1.580 c
1.857 b
1.806 b
1.832 b
2.100 a
1.943 ab
1.855 b

Means in each column followed by the same letters did not differ at p<0.05
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Total carotene
1st
2nd
0.153 d
0.155 f
0.154 d
0.173 e
0.163 d
0.209 d
0.246 a
0.241 a
0.159 d
0.210cd
0.227 b
0.174 e
0.210 c
0.221bc
0.245 a
0.225bc
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Table 4. Effect of pre-sowing gamma irradiation and nano -Zn(Zn NPs) soaking on total phenols, indoles, amino acids and carbohydrates
concentrations of sour orange leaves
Treatments
0 Gy+0 Zn NPs (control)
0 Gy+ 500 Zn NPs
0 Gy+1000 Zn NPs
0 Gy+2000 Zn NPs
20 Gy+0 Zn NPs
20 Gy+500 Zn NPs
20 Gy+1000 Zn NPs
20 Gy+2000 Zn NPs

Total phenols (mg/g.f.w.)
st
nd
1
2
1.536 f
1.866 c
1.824 b
1.804 e
1.665 e
1.819 d
1.493 g
1.273 h
2.145 a
2.205 a
1.683 d
1.501 g
1.817 c
1.569 f
1.825 b
1.890 b

Total indoles (mg/g.f.w.)
st
nd
1
2
0.746 g
0.833f
0.839 e
0.923d
0.964 d
0.935cd
1.001 c
0.955c
0.811d
0.883e
1.007 c
1.085b
1.115 a
1.169a
1.046 b
1.148a

Total amino acids (mg/g.f.w.)
st
nd
1
2
0.932 b
0.837 c
1.004 ab
0.904bc
1.059 ab
0.928 bc
1.009 ab
1.001ab
1.193 ab
0.893bc
1.087 ab
0.991 abc
1.215a
1.101 a
1.125ab
1.026 ab

Total carbohydrates (%)
st
nd
1
2
1.24 d
2.06 d
2.42 bc
2.42 bc
2.60abc
2.42bc
2.68 ab
2.47abc
2.10 c
2.35 c
2.77 ab
2.64 ab
2.94 a
2.72 a
2.89ab
2.60 abc

Means in each column followed by the same letters did not differ at p<0.05

Table 5. Effect of pre-sowing gamma irradiation and nano-Zn (Zn NPs) soaking on minerals concentration of sour orange leaves
Treatments
st

0 Gy+ 0 Zn NPs (control)
0 Gy+ 500 Zn NPs
0 Gy+ 1000 Zn NPs
0 Gy+ 2000 Zn NPs
20 Gy + 0 Zn NPs
20 Gy + 500 Zn NPs
20 Gy + 1000 Zn NPs
20 Gy + 2000 Zn NPs

1
2.35bc
2.64abc
2.21 c
2.94 a
2.44abc
2.55abc
2.70 ab
2.60abc

N (%)
nd
2
2.32 cd
2.70 abc
2.16 d
2.92 a
2.54abcd
2.71abc
2.74 ab
2.35 bcd

P (%)
nd
2
0.203 d
0.25 abc
0.243 bc
0.273 ab
0.230 cd
0.273 ab
0.280 a
0.250abc

st

1
0.200 d
0.230cd
0.260bc
0.267bc
0.210 d
0.277ab
0.307 a
0.263bc

st

1
1.160a
1.347a
1.333a
1.273a
1.167a
1.420a
1.360a
1.327a

K (%)
nd
2
1.073c
1.547a
1.413ab
1.193c
1.080c
1.393ab
1.387ab
1.380b

Means in each column followed by the same letters did not differ at p<0.05
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st

1
26.30 c
34.33 b
39.20 b
44.85 a
27.51 c
35.02 b
44.45 a
46.12 a

Zn (ppm)
nd
2
27.07 d
36.85 c
40.07 b
46.67 a
27.75 d
35.82 c
45.88 a
47.95 a
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3.4.4 Total free amino acids

In this respect, zinc is involved in the metabolism
of nitrogen and a zinc deficiency will lead to a
reduction in the RNA produced and thus in cell
division [58]. Also, N level in soybean shoots was
slightly affected by gamma doses. When total N
content "uptake" was taken into consideration,
low gamma doses markedly increased it, and
vice versa with high doses [59].

It is obvious from data in Table 4 that, there are
positive relationship between Zn NPs and the
concentration of total free amino acids. In the two
experimental seasons, the highest values of total
free amino acids were obtained by 20 Gy plus
1000ppm Zn NPs when compared with control.

As regarding to phosphorus concentration, the
data showed that, pre-sowing gamma irradiation
and then soaking sour orange seeds in nano- Zn
solution increased phosphorus concentration as
compared with control, with some exceptions.
The highest values were obtained by 20 Gy+
1000 ppm nano-Zn followed by 20 Gy +500ppm
nano-Zn, respectively at the two experimental
seasons when compared with control.

In this respect, zinc is very closely involved in the
nitrogen metabolism of citrus, apple and grapes.
In zinc deficiencies plants, protein synthesis and
protein levels are drastically reduced whereas
amino acids accumulate. The accumulation of
amino acids occurs because zinc plays an
important role in helping different combinations of
amino acids link together to form enzymes and
proteins. Without adequate levels of zinc, the
plant is unable to synthesis the various enzymes
and proteins therefore causing a buildup of
amino acids [52]. Also, wheat grains from
irradiated plants were also rich in proteins and
essential amino acids [53]. Gamma irradiation
affects proteins by causing conformational
changes, oxidation of amino acids, rupturing of
covalent bonds and formation of protein free
radicals [5].

In this respect, irradiating seeds of some
vegetable crops before sowing with low doses up
to 20 Gy increased P concentration in leaves,
while dose of 40 Gy decreased it [60]. Also,
treatment with all Zn ion and ZnO NPs
concentrations resulted in significant decline in
seedling P levels [61].
The data in Table 5 revealed that, in the second
season all treatments significantly increased
potassium concentration as compared with
control, with some exceptions.

3.4.5 Total carbohydrates
Concerning to total carbohydrates concentration,
in the two experimental seasons the highest
value was recorded by 20 Gy +1000 ppm Zn
NPs treatment when compared with control.

Similar results were obtained by Hussein et al.
[62], who found that, the effect of irradiation on
macro-nutrients in datura leaves. Doses ranged
from 1 to 15 K rad had significant effect on some
nutrients. Maximum value of potassium in leaves
was obtained at 5 K rad as well as El-Essawy
[63], who noticed that irradiating gladiolus corms
with low gamma doses increased K content.

In this respect, irradiated samples exhibited
increased carbohydrates over non-irradiated
samples [54]. Available carbohydrate was
increased with increasing doses of gamma rays
[55].

Concerning to zinc concentration, the data in
Table 5 showed that, soaking sour orange seeds
in nano- Zn solution increased Zn leaves
concentration. There is a positive relationship
between Zn concentration and the soaking in
nano –Zn solution.

In addition, the involvement of zinc in
carbohydrates metabolism can be demonstrated
through its effect on photosynthesis and sugar
transformation [56]. Zinc and boron are essential
component of enzymes responsible for nitrogen
and carbohydrates metabolism respectively,
there by resulting in increased uptake of nitrogen
by the plant [57].

In this respect, there is fast dissolution of Zn ions
from ZnO nanoparticles, same nominal
concentrations of ZnO NPs as well as Zn ions.
This will facilitate the plants to be exposed to
similar concentrations of Zn ions released from
ZnO NPs as well as Zn ions [61].

3.4.6 Minerals
Data in Table 5 demonstrated that, in the two
experimental seasons the highest values of N
concentration were obtained by 0 Gy + 2000 Zn
NPs followed by 20 Gy + 1000 Zn NPs
respectively, when compared with control.

3.5 Roots Characters
It is clear from the data presented in Table 6 that,
in the second season soaking sour orange seeds
11
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Table 6. Effect of pre-sowing gamma irradiation and nano-Zn (Zn NPs) soaking on Horizontal,
Vertical extension and dry matter of sour orange roots
Treatments
0 Gy+ 0 Zn NPs(control)
0 Gy+ 500 Zn NPs
0 Gy+ 1000 Zn NPs
0 Gy+ 2000 Zn NPs
20 Gy + 0 Zn NPs
20 Gy + 500 Zn NPs
20 Gy + 1000 Zn NPs
20 Gy + 2000 Zn NPs

Horizontal root (cm)
1st
2nd
29.50 a
25.50 c
32.84 a
38.00 a
31.33 a
28.75 bc
31.00 a
31.00 bc
30.67 a
28.50 bc
31.92 a
29.50 bc
29.50 a
26.50 bc
32.67 a
31.83 b

Vertical roots (cm)
1st
2nd
17.83 bc
22.83 b
36.00 a
29.00 a
17.00 bc
22.34 b
22.25 b
19.67 bc
34.25 a
29.00 a
13.58 c
18.33 bc
13.00 c
15.83 c
17.17 bc
20.00 bc

Dry matter (%)
1st
2nd
45.66 b
45.83 b
45.89 b
48.09 ab
62.76 a
57.91 a
51.42 ab
47.95 ab
43.24 b
46.32 ab
50.01 b
46.00 b
50.61 ab
50.70 ab
52.33 ab
54.81 ab

Means in each column followed by the same letters did not differ at p<0.05

in Zn NPs at 500 ppm without gamma irradiation
followed by 20 Gy +2000 ppm Zn NPs
treatments significantly increased horizontal root
extension. While, vertical root increased
significantly by 0 Gy + 500 ppm Zn NPs as well
as gamma irradiation 20 Gy without Zn NPs, at
the two experimental seasons as compared with
control.

3.6 Protein Analysis
The data in Fig. 3 represents the banding pattern
of protein peptides in treated and untreated sour
orange seedling (Citrus aurantium) with zinc
nanoparticles and gamma radiation. In total, 18
protein subunits were observed. Variability in
intensity was observed in some bands indicated
that the quantity of protein peptides cumulating at
a particular molecular weight (10- 20 KD). The
protein markers plotted for first principal
components that revealed 12 distinct groups
(Fig. 3).

Regarding to roots dry matter percentage, the
data showed that, in the two experimental
seasons the highest values of dry matter
percentage were obtained by 0 Gy + 1000 ppm
Zn NPs and 20 Gy + 2000 ppm Zn NPs
treatments, respectively as compared with
control.

Principal analysis based on SDS-PAGE revealed
clear grouping pattern when investigated for
treatment with zinc nanoparticles and gamma
radiation. Protein group pattern intensity (10-20
KD) increased in the treated sour orange
seedlings with Zn NPs (1000 and 2000 ppm)
compared to control and Zn NPs (500 ppm)
respectively, with some exceptions. On the other
hand protein pattern around 80 KD disappeared
in the treated sour orange seedlings with 1000
and 2000 ppm of zinc nanoparticles.

These results are in agreement with those were
obtained by Pramod et al. [64] who noticed that,
absorbed more of ZnO nanoparticles promoted
the root length biomass of Vigna radiate and
Cicer arietinum and Melki and Marouani [65] who
mentioned that, the roots obtained from wheat
seeds irradiated at the dose of 20 Gy are
significantly improved in number and in length as
compared to the non-irradiated ones.
In this respect, citrus apparently has difficulty in
absorbing sufficient zinc from many soils, and
anything that affects the root system adversely is
likely to reduce the intake markedly. In
connection with root injury, other mineral
deficiencies may have a pronounced effect on
zinc deficiency, if this element is present in the
soil in minimum quantities [66]. ZnO
nanoparticles may induce roots from explants
cultured on appropriate medium that can be used
for production of valuable secondary metabolites.
The induction of roots can be explained in two
ways; function of zinc in biochemical process,
and role of reactive oxygen species (ROS) [34].

Protein group pattern (10-20 KD) enhanced in
the treated sour orange seedlings with gamma
rays 20 gray; zinc nanoparticles (500 ppm) and
gamma rays 20 gray; zinc nanoparticles (1000
ppm) and gamma rays 20 gray respectively,
while the protein group pattern above 60 KD
disappeared.
On the other hand, protein group pattern
between (10-20 KD) and above 60 KD down
regulated in the treated sour orange seedlings
with gamma ray 20 gray and Zn NPs (2000
ppm). The genotypes of sour orange seedling
(Citrus aurantium) treated with Zn NPs and
12
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gamma rays were separated clearly with clear
variable differences between treated sour orange
seedlings and the control.

This is the desired change in this case. Also, the
genomic changes were demonstrated by
principal analysis based on SDS--PAGE (Fig. 3)
as different bands that disappeared or appeared
(Table 7) when comparing 0 Gy + 1000 ppm Zn
NPs treatment with control. Appearance of new
patterns by this treatment may be explaine
explained by
changes in the gene structure due to mutation.
Generally, it is possible to ensure that the
change is permanent or temporary by vegetative
propagation of treated plants. If the changes in
vegetative traits persist, that mean the change is
permanent and
d if the changes in vegetative traits
didn't reappear, it is temporary. Although, 20 Gy
+ 500 ppm Zn NPs treatment exhibits the best
results for stem diameter, which is the main

Sour orange seedlings treated with zinc
nanoparticles (500, 1000
00 and 2000 ppm) and 20
gray of gamma radiation showed clear
separation of protein pattern desilk the control
with distinctive 12 main protein bands.
In this regard, it is important to clarify that,
radiation either affects the gene structure
st
and
this change becomes permanent (mutation ) or
that affects the behavior of the gene in terms of
activity
(gene
transcription
and
protein
composition), which increases the gene activity.

Fig. 3. SDS-PAGE
PAGE separation of HMW and LMW protein subunits from sour orange seedling
(Citrus aurantium)treated
treated and untreated with gamma radiation and zinc nanoparticles. Lane M:
Pre-stained
stained Dual Colour Protein Molecular Weight Marker (10-250
(10 250 kDa) molecular weight
weigh
marker; Lane 1: untreated sour orange seedling (control); Lane 2: sour orange seedling treated
with zinc nanoparticles (500 ppm); Lane 3
3:: sour orange seedling treated with zinc
nanoparticles (1000 ppm); Lane 4: sour orange seedling treated with zinc nanoparticles
nanoparticles (2000
ppm); Lane 5: sour orange seedling treated with gamma rays 20 gray; Lane 6: sour orange
seedling treated with gamma rays 20 gray and zinc nanoparticles (500 ppm); Lane 7: sour
orange seedling treated with gamma rays 20 gray and zinc nanoparticles
nanoparticles (1000 ppm); Lane 8:
sour orange seedling treated with gamma rays 20 gray and zinc nanopa
nanoparticles
rticles (2000 ppm)
13
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Table 7. Effect of pre-sowing gamma irradiation and nano –Zn (Zn NPs) soaking on protein
groups of orange sour seedlings
Treatments
Protein
groups
250
150
100
80
60
50
40
30
25
20
15
10

Control

0 Gy
0 Gy
+500
+1000
Zn NPs Zn NPs

0 Gy
+ 2000
Zn NPs

20Gy 20 Gy
+ 0 Zn + 500
NPs
Zn NPs

20 Gy
+ 1000
Zn NPs

20 Gy
+ 2000
Zn NPs

Χ
Χ
Χ
√
√
Χ
√
√
√
Χ
√
√

Χ
Χ
Χ
√
√
Χ
√
√
√
√
√
√

Χ
Χ
Χ
√
√
Χ
√
√
√
√
√
√

Χ
Χ
Χ
Χ
√
Χ
√
√
√
√
√
√

Χ
Χ
Χ
Χ
√
√
√
√
√
√
√
√

Χ
Χ
Χ
Χ
Χ
Χ
√
√
√
√
Χ
√

Χ
Χ
Χ
Χ
Χ
Χ
√
√
√
√
√
√

characteristic for the success of grafting process,
the obtained results showed changes in proteins
and it possible the gene structure had been
changed due to this treatment, that was so clear
when compared with control. Thus, care must be
taken when using nanotechnology, because it’s
small size and high surface reactivity which can
potentially enter into the cell and interact with
intracellular structures, this may be produce
toxicity by different mechanisms. Adequate
studies should be carried out on the safety of
using nanotechnology in the field of plants
because of their impact on the plant gene
structure, which reflects on human health.

Χ
Χ
Χ
Χ
Χ
Χ
√
√
√
√
√
√

measurements indicate the nanoscale of zinc
particles. These results are slightly agreed with
the mentioned results obtained from TEM. Also,
20 Gy +1000 ppm Zn NPs treatment increased
seed germination percentage, stem length, as
well as decreased the albino and damping off
percentages, while 20 Gy + 500 Zn NPs
treatment increased stem diameter and plant
pigments concentration. Generally, using gamma
irradiation and then soaking part of radiated
seeds in nano-Zn solutions had significant effects
on vegetative growth and root characters as well
as some chemical properties of sour orange
leaves. In addition, there are variable differences
in the protein pattern between treated and
untreated sour orange seedlings with gamma
radiation and / or zinc nanoparticles. Although,
20 Gy + 500 ppm Zn NPs treatment increased
stem diameter, which is the main characteristic
for the success of grafting process, the obtained
results showed changes in proteins and it
possible the gene structure had been changed
due to this treatment. So, care must be taken
when using nanomaterials and adequate studies
should be carried out on the safety of using
nanotechnology in the plant field.

In this respect, in soybean seedlings evaluation
the phytotoxicity of ZnO NPs at the proteome
level; 16 common proteins in leaves were
significantly changed, which were predominantly
associated with protein degradation and
photosystem [67]. NPs can potentially interact
not only with DNA but also with proteins involved
in DNA replication, transcription or repair [68].
Also, exposure of Arabidopsis to ZnO leads to
distinct changes in the expression of stress
genes [69]. Indirect genotoxicity resulting from
interaction of nanoparticles with the nuclear
proteins (proteins involve in replication,
transcription and translations) or stress oxidative
induced by reactive oxygen species and also by
reduced DNA repair functions [70].
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