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Abstract
In the present study, seeds of acid lime (Citrus aurantifolia L.) were radiated with gamma radiation at low dose of 20 Gy as single dose or fractionated doses,
part of radiated seeds were soaked in solutions of Nano-selenium at 50 ppm , to investigate the effect of treatments on seeds germination ability , seedlings
vegetative growth parameters, leaf bio- chemical contents and leaf (macro & micro) elements, moreover, separation of HMW and LMW protein subunits
extracted from all consequent seedling was performed using electrophoresis technique. Obtained results revealed generally that pre-sowing radiation of acid
lime seeds with γ radiation at 20 Gy , fractionated as 4 doses or as 2 doses and then, soaking irradiated seeds in Nano-selenium solution at (50 ppm) treatment,
increase germination percentage by 30% and 36% compared with untreated seeds (control) for both seasons, as well as reduced seedlings damping off and
albino percentage, and increased seedlings stem length by 52.5% & 46.5 %, and stem diameter by about 37% and 36% , also number of leaves/ seedling and
leaf area was significantly increased, also cause significant increase in total indoles and reduced total phenols content in acid lime seedling leaves. In addition,
both γ ray and Nano-(Se) treatment significantly increase accumulation of macro and micro-elements which positively reflected on seedlings vegetative growth.
Protein analysis using electrophoresis technique for acid lime seedlings leaves illustrated that, exposure of acid lime seeds to different doses of γ ray showed clear
separation of protein pattern with no differences with untreated samples (control), which means that acid lime seeds, could be treated with particular low doses
gamma radiation without affecting the genotype. Briefly, pre-sowing combination treatments of both γ radiation treatment and soaking in Nano-selenium solution
at 50 ppm, could be helpful in, reducing nursery period and producing vigorous and healthy (acid lime seedlings) with improved quality.
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Introduction
Citrus industry is the most important fruits types in the world. Acid
lime (Citrus aurantifolia L.) is one of the important commercial
fruits; fruitful orchards reached approximately 35515 Fed., producing
about 350597 tons / year (according to Ministry of Agric. And Land
Reclamation / Annual Report 2015). Low productivity may be due
to genotypes multiplications. Moreover, acid lime seedlings are
largely true to type because of poly-embryony and the juvenile phase
lasts about five years.1 Propagation of acid lime is generally done
by grafting and by seed. The commercial practice of propagation
is by seed. The seed of acid lime have polyembryonic nature. The
polyembryonic seed emerge in more than two seedlings from one
seed. Out of them, one seedling is vigorous which is produced from
the somatic cells of the nucleus. Sexually raised plants have extensive
root system and bear intense crop. Nurserymen and growers faced the
problems of seeds low storage ability poor seed germination and less
vigorous seedlings.2
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The emergence and establishment of uniform and hearty seedlings
could be achieved in many crops by radiating seeds, recently,
seed radiation have been used on a large scale to increase rate and
percentage of seed germination, improving rate of elongation in
young seedlings and stimulate the growth of various parts of plants.3,4
Radiation dose had significant effect on growth parameters and
germination, in this concern5 radiating seeds of rough lemon (Citrus
jambhiri Lush.) with relatively low-doses of ionizing irradiation
,accelerated cell proliferation, cell growth and germination rate ,
moreover, Maity et al.6 mention that, increasing radiation dose may
cause adverse effect. Which may be explain as that, low dose of
gamma radiation stimulates cell division and high-dose inhibits cell
division due to free radicals, DNA system damage and expression of
genes related to callus.7,8
Selenium (Se) is a naturally occurring metalloid element which occurs
nearly in all environments. When Se added at low concentrations, exert
beneficial effects on plant growth and it as quasi-essential micronutrient
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through changing different biochemical and physiological characters.
Several reports show that, selenium applications show positive effect
on seed germination and seedlings growth.9–11
Nanotechnology is a new approach that refers to understand the
properties of matter at the Nano-scale (one Nano-meter = one billion
of meter) which is the length of a small molecule. At this level, matter
exhibits different physical, chemical, and biological properties that
provide new applications for existing materials.12–14
The current study was undertaken to assess the effect of low γ radiation
as single or fractionated doses and soaking in selenium Nano-particles
on acid lime (Citrus aurantifolia L.) seed germination ability and
consequently the growth of their seedlings in order to reduce nursery
period and produce vigorous and healthy seedlings.

Materials and Methods
This investigation was carried out during two successive seasons
(2015/2016 and 2016/2017) aiming at investigating the physiological
effect of low gamma as single or fractionated doses and Nano-(Se)
application on seeds germination ability and physiological status
of acid lime (Citrus aurantifolia L.) seedlings. The present study
was performed in a saran house at Horticultural Research Institute,
Agricultural Research Center, MOA, Giza, Egypt.

Plant material
In mid-February, for each season of study, seeds of acid lime were
obtained from mature homogenate fruits of adult trees. Seeds were
extracted, washed and air dried, preserved at 3oC.

Gamma irradiation
At the end of March, for both seasons, the dry acid lime seeds
were irradiated with Gamma (γ) radiation using Gamma-Cell Co60, Atomic Energy Authority. Doses of γ radiation were (20 Gray
(Gy) as a single dose) or fractionated as (2 doses of 10 Gy each at
2 days) or (4 doses of 5 Gy each at 4 days). Part of acid lime seeds
were not irradiated representing control for radiation treatment (0.0
Gy). Dose rate were 2.028 and 1.776 γ radiation/min, respectively.
Irradiated seeds as well as the control seeds 0.0 γ radiations were,
soaked immediately in Nano-selenium solutions at (50 ppm NanoSe), part of irradiated seeds were soaked in water representing control
for soaking treatment (0 ppm Nano-Se). All seeds were planted at the
beginning of April , for both seasons of study , in 4 kg plastic bags
, planting medium was mixture of peat moss and washed sand in
ratio 1:3. All bags were irrigated immediately after sowing, and then
the irrigation was carried out one time every two days with tap water.
Each bag contains 5 seeds to represent one replicate, and each of the 8
treatments was represented by ten replicates. The planted bags were
arranged in the nursery in factorial randomization completely block
design with 8 treatments each have 10 replicates.

Applied treatments were as follow:
1. Control not irradiated (soaking in tap water) (Nano-Se at 0 ppm
+ 0 Gy γ ray).
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5. Soaking in Nano-selenium at 50 ppm, not irradiated (Nano-Se at
50 ppm + 0 Gy γ ray).
6. Soaking in Nano-selenium at 50 ppm + γ radiation at 20 Gy
fractionated as 4 doses, each of 5 Gy (Se at 50 ppm + 20 Gy γ
ray/4D).
7. Soaking in Nano-selenium at 50 ppm + γ radiation at 20 Gy
fractionated as 2 doses, each of 10 Gy (Se at 50 ppm + 20 Gy γ
ray/2D).
8. Soaking in Nano-selenium at 50 ppm + γ radiation at 20 Gy as
single dose (Se at 50 ppm + 20 Gy γ ray/1D).
Agricultural practices were applied as the Citrus Res. Dept.
recommendation for citrus nurseries during the two successive
seasons (2015&2016) respectively. Germination process data were
weekly recorded until became constant. At September, ten plants for
each treatment were taken.

Measurements and Analysis:
Effects of investigated treatments were evaluated through the
following measurements:

Seeds germination stage:
The following parameters of seed germination were determined
according to Hartmann and Kaster (1983)15 as follows:
Germination percentage = (Number of germination seeds / Initial
number of seeds) X 100.
Damping off percentage = (Number of damped off seedlings / Initial
number of seeds) X 100.
Albino
seedlings

percentage
/
Initial

=
(Number
of
number
of
seeds)
X

Seedlings Vegetative growth parameters:
1. Stem length (cm.);
2. Stem diameter (cm.);
3. Number of leaves / seedling and
4. leaf area (cm.2):

Five expanded leaves (about 6 month’s age) of spring cycle from each
replicate were picked from the middle part of seedling. Leaf area in
cm2 was determined by using Planimeter.
3) Bio-chemical contents:
1) Leaf pigments contents:
Disks of 2.5 cm² from the leaves were extracted with dimethyl
Formide (D.M.F.) solution [HCON (CH3)2] and kept for 48 h at
temperature 5°C in dark conditions. Chlorophyll (a) and (b) as well
as carotenoids were measured by Spectrophotometer Beckman Du
7400 at wavelengths 663,647 and 470 MU, according to the equation
described by Moran16 and calculated as (mg/100g FW).
Chl. a =12.70 A663 – 2.79 A647.

2. Gamma radiation at 20 Gy fractionated as 4 doses, each of 5 Gy
(Nano-Se at 0 ppm + 20 Gy γ ray/4D).

Chl. b = 20.76 A647 – 4.62 A663.

3. Gamma radiation at 20 Gy fractionated as 2 doses, each of 10 Gy
(Nano-Se at 0 ppm + 20 Gy γ ray/2D).

Total carotenoids = 1000XA470-3.72chl.a-04chl.b/229.

4. Gamma radiation at 20 Gy as single dose (Nano-Se at 0 ppm + 20
Gy γ ray/1D).
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albino
100.

Total Chls =17.90 A 647 - 8.08 A 663.
2) Total Indoles and Phenols:
Total Indoles was determined as mg/g dry weight according to
Larsen,17 and as modified by Selim et al.18 and total Phenols was
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determined as mg. /g. dry weight by using the Folin calorimetric
method.19
3) Leaf elements content:
Leaf samples were dried in an oven at 70oC for constant weight dried
samples was digested as described by Cottenie20 digested samples
were used to determine content of the following minerals in leaves
as follow:
N% was determined with the modified micro-kjeldahl method as
described by Plummer,21 P% was measured calorimetrically, using
the molybdenum blue method and by using Spectrophotometer
(Model- Beckman Du 7400) according to Murphy and Riley,22 K%
was determined against a standard using flame-photometer (ModelJENWAY– pfp7 Flame Photometer) according to Piper23 Fe, Zn
and Mn were determined as ppm by using Atomic Absorption
Spectrophotometer according to Brandifeld and Spincer.24

Protein extraction method and analysis:
Different plant samples were collected, labelled and grounded by
using liquid nitrogen in the mortar and pestle, and then 1 ml of cold
QB buffer was added to 1g 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. Samples stored in in -80 degree freezer. SDS-PAGE
was performed by the method described by Laemmli.25 Proteins
were analyzed on 1.5-mm thick and 15-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.26

Preparation of Nano (Se) solutions:
For Preparing polyvinyl-pyrrolidone (PVP) sodium selenite Nano-gel,
25g of polyvinyl-pyrrolidone (PVP) was dissolved in 635 ml distilled
water via magnetic stirring then adding 100 g of sodium selenite at
70°C. After dissolving, 14% of acetic acid was added and followed
by the addition of 10% glycerol. The solution was left under stirring
until the appearance of pale yellow color. Finally, the solution was
irradiated via 60Co gamma irradiator at the irradiation dose 30 k Gy
(Allam et al., 2012)27.

Statistical analysis:
The obtained data was subjected to analysis of variances (ANOVA)
according to Snedecor and Cochran,28 using M-STAT program.
Differences between means were compared using Duncan’s multiple
range tests at 0.05 level.29

Results and Discussion
Seeds germination stage:
Germination percentage:
Data in Table (1) indicated that, radiating acid lime seeds with γ
radiation at 20 Gy, fractionated as 4 doses, increased seed germination
percentage significantly to ( 93% & 101%) respectively, for both
seasons. This increment of germination percentage above 100% due
to the polyembryonic phenomenon in acid lime seeds.30,31 Our data
are in harmony with those obtained by Sharma et al.5since the doses
used in is below mutagenic doses they reported that , 60 Gray were
observed to be the optimum mutagenic dose of gamma rays for 40
day old seeds of rough lemon (Citrus jambhiri Lush); Ling et al.32 on
(Citrus sinensis) and Kumar and Mishra33 on Okra.

Table 1 Effect of pre-sowing γ radiation and Nano-Se application on acid lime seeds germination stage.
Seasons
Treat.

1st season

2nd season

Nano-Se 0
ppm

Nano-Se 50 ppm

Means

Nano-Se 0
ppm

Nano-Se 50
ppm

Means

Germination percentage

0 Gy γ ray

64.00 f

92.00 b

78.00B

68.00 f

94.00 c

81.00 B

20 Gy γ ray -4D

92.00 b

94.00 a

93.00A

98.00 b

104.0 a

101.0 A

20 Gy γ ray -2D

76.00 c

72.00 d

74.00C

78.00 d

78.00 d

78.00 C

20 Gy γ ray -1D

61.00 g

69.00 e

65.00D

63.00 g

71.00 e

67.00 D

Means

73.25 B

81.75 A

76.75 B

86.75 A

Damping off percentage
0 Gy γ ray

23.75 a

22.00 b

22.88A

22.00 a

20.00 b

21.00 A

20 Gy γ ray -4D

21.00 c

8.000 h

14.50C

19.00 c

5.00 h

12.00 D

20 Gy γ ray -2D

17.00 f

13.00 g

15.00C

15.00 f

11.00 g

13.00 C

20 Gy γ ray -1D

19.50d

18.00 e

18.75B

17.00 d

16.00 e

16.50 B

Means

20.31 A

18.25 A

13.00 B

15.25 B
Albino Percentage

0 Gy γ ray

9.00 a

1.50 f

5.25 A

7.00 a

1.00 g

4.00 A

20 Gy γ ray -4D

1.80 f

0.60 g

1.20 D

1.60 f

0.50 h

1.05 D

20 Gy γ ray -2D

3.40 c

2.40 e

2.90 C

3.10 c

2.10 e

2.60 C

20 Gy γ ray -1D

5.50 b

2.90 d

4.20 B

5.10 b

2.50 d

3.80 B

Means

4.93 A

1.85B

4.20 A

1.53B

* Mean followed by the same letter are not significantly different at 5% level.
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With regard to soaking in Nano-selenium solution, presented data
showed that, soaking seeds in Nano-selenium solution at 50ppm presowing improved seeds germination percentage significantly to (81.75
% & 86.75%) respectively, during the two experimental seasons.
These results are in agreement with those obtained by Shahverdi34 on
stevia (Stevia rebuadiana Bertoni), Luís et al.35 on Triticum aestivum,
Aggarwal et al.36 on seedlings of Bean (Phaseolus vulgaris L.) and
Carlson et al.37 on Certified seeds of cabbage, sorgrass and wheat,
the germination percentage reached about 100% with all applied
Selenium levels.
As for the interaction effect, results in Table (1) revealed that,
radiating acid lime seeds at 20 Gy, fractionated as 4 doses , followed
by soaking in Nano-selenium solution at 50ppm resulted in increasing
seeds germination percentage to ( 94% & 104%) respectively for both
seasons.

Percentage of Damping off and Albino seedlings:
Obtained Results in Table (1) declared that, γ ray at 20 Gy divided into
four doses significantly reduced both seedling damping off Percentage
and albino seedlings percentage during the studied seasons.
Concerning seed soaking treatments, presented data indicated that,
soaking acid lime seeds in Nano-selenium solution at 50 ppm reduced
significantly seedling damping off and albino percentage for both
seasons, respectively.
As for the interaction between γ radiation and soaking in Nanoselenium solution pre-sowing treatments. It is apparent that,
combination treatment of γ radiation at 20 Gy , fractionated as 4
doses , followed by soaking in Nano-selenium solution at 50 ppm
significantly reduced seedling damping off percentage to (8% & 5%)
and albino seedling percentage to (0.6% & 0.5%) for both seasons,
respectively.
It can be concluded that pre-sowing radiation of acid lime seeds by
γ ray then soaked in Nano-selenium solution at (50 ppm) greatly
promoted germination percentage as well as reduced seedlings
damping off & albino percentage , the effect of gamma radiation
in encourage seed germination may be attributed to the activation of
protein or RNA synthesis ,or may perhaps to an increase in rate of
respiration or auxin metabolism during the early stage of germination
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after exposing to low doses of gamma radiation Abdel-Hady et al.38
and Jan et al.39 From other point of view, El-Ramady et al.11, reported
that, exposing rough lemon seeds (Citrus jambhiri L.ush) to lowdoses of ionizing radiation accelerated cell proliferation, cell growth,
and enzyme activity.
This effect depending on several factors: i” Moisture content and
cell chemical constituent. ii” ionization the production of hydrogen
peroxide and activate the free radicals.iii) Help to produce the genetic
mutations. These results are in line with those obtained by: SpiegelRoy and Kochba40, Spiegel-Roy et al.,41 Lange and Toit,42 Vose43 and
Jawaharlal et al.44

Seedlings Vegetative growth parameters:
As regard to the effect of γ ray on acid lime seedlings vegetative
growth parameters, data in Table (2) indicated that seedling stem
length significantly increased by about 28% and 30% for both seasons
by exposing to γ radiation at 20 Gy, fractionated as 4 doses, moreover
that treatment significantly increased other vegetative growth
parameters as, stem diameter, number of leaves/ seedling and leaf
area, by the same that was conferment. Whereas, the control had the
lowest values in both seasons, respectively.
As for, Nano-selenium treatments results in Table (2) disclosed that,
soaking acid lime seeds in Nano-selenium solution at 50 ppm presowing significantly increase seedlings stem length, stem diameter,
number of leaves/ seedling and leaf area for both seasons. Whereas,
soaked seeds in tap water pre-sowing showed the lowest significant
values for all studied vegetative growth parameters.
concerning, combination treatment of both γ radiation and soaking
in Nano- selenium solution pre-sowing, it is obvious from obtained
results in Table (2) that, γ radiation at 20 Gy, fractionated as 4 doses,
followed by soaking in Nano-selenium solution at 50ppm presowing increased seedling stem length by 52.5% & 46.5 % and stem
diameter by about 37% and 36% for both seasons respectively and
significantly increased number of leaves / seedling compared with
control treatment. Moreover, γ radiation at 20 Gy, fractionated as 2
doses, followed by soaking in Nano-selenium solution at 50 ppm presowing attained the highest leaf area (23.7 & 24.6) cm2 respectively
for both seasons.

Table 2 Effect of pre-sowing γ radiation and Nano-Se application on vegetative growth parameters of acid lime seedlings.
Seasons
Treat.

1st season

2nd season

Nano-Se 0
ppm

Nano-Se 50
ppm

Means

Nano-Se 0
ppm

Nano-Se 50
ppm

Means

Stem length (cm.)

0 Gy γ ray

34.67d

48.33 c

41.50 C

39.00 e

58.00 c

48.50 C

20 Gy γ ray -4D

66.67b

73.00 a

69.83 A

68.00 b

72.00 a

70.00 A

20 Gy γ ray -2D

51.33 c

51.00 c

51.17 B

53.00 d

52.00d

52.50 B

20 Gy γ ray -1D

50.00 c

50.33 c

50.17 B

53.00 d

52.67d

52.83 B

Means

50.67B

53.25 B

58.6A

55.6A
Stem diameter (cm.)

0 Gy γ ray

0.26 d

0.28 d

0.27 C

0.29 bc

0.27 c

0.28BC

20 Gy γ ray -4D

0.34 bc

0.41 a

0.38 A

0.34 b

0.45 a

0.40 A

20 Gy γ ray -2D

0.28 d

0.35abc

0.32BC

0.26 c

0.35 b

0.31B

20 Gy γ ray -1D

0.31 cd

0.39ab

0.35AB

0.32 bc

0.32bc

0.32 B
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Table Continued
1st season
Seasons
Treat.
Means

2nd season

Nano-Se 0
ppm

Nano-Se 50
ppm

Means

Nano-Se 0
ppm

Nano-Se 50
ppm

0.31 B

0.35A

Means

Stem length (cm.)
0.30 B

0.36A
Number of leaves /seedling

0 Gy γ ray

20.5 c

23.2 b

21.9 B

21.0 e

30.3 b

25.7 C

20 Gy γ ray -4D

25.6 ab

27.2 a

26.4 A

29.1bc

34.7 a

31.9 A

20 Gy γ ray -2D

24.3 b

25.3 ab

24.8 A

23.0 d

31.0 b

27.0BC

20 Gy γ ray -1D

20.5 c

24.3 b

22.4 B

28.1 c

29.0bc

28.6 B

Means

22.7 B

25.0 A

25.3 B

31.3 A

leaf area (cm. )
2

0 Gy γ ray

20.6bc

20.5bc

20.5 C

21.9 cd

22.5 bc

22.2 B

20 Gy γ ray -4D

21.7abc

22.3ab

22.0 A

23.6 ab

22.6 bc

23.0A

20 Gy γ ray -2D

19.5c

23.7a

21.5 B

20.4 d

24.6 a

22.5 B

20 Gy γ ray -1D

19.7c

21.0bc

20.5 C

21.6 cd

23.6 ab

22.6 B

Means

20.3B

21.8A

21.9 B

23.3A

* Mean followed by the same letter are not significantly different at 5% level.

It’s clear that γ ray alone or plus pre-sowing seeds in Nano-selenium
solution positively improved acid lime seedlings growth. These
obtained results are in agreement with Ibrahim and Al-Wasfy45 as
they reported that, using sodium selenit at 50 ppm improve number
of leaves per tree and the leaf area on Valencia orange trees those
obtained by Kerkadze46 and Khokhar 47 who observed a decrease in
mean seedling height with increasing gamma radiation doses in citrus.
Concerning the effect of selenium treatment it has been reported that
selenium stimulate shoot growth (length and diameter) even at low
concentrations (1, 2, 4, and 6 ppm) and the highest values of plant
height was recorded at concentration of 10 ppm, Aggarwal et al.36
on Bean (Phaseolus vulgaris L.), Hawrylak-Nowak48 on cucumber
seedlings ,Kaur49 on rough lemon Seedlings and Boghdad et al.50
on Faba Bean (Vicia faba L.). Moreover El- Kareem et al.51, found
that, application of selenium at 0.01 to 0.02% was very effective in
enhancing the leaf area on fruiting of Zaghloul Date Palm (Phoenix
dectylifera L.). Likewise Hawrylak-Nowak52 mentioned that, foliar
application of selenium at 5 μmol⋅dm-3 concentration stimulated
maize seedlings growth.

Bio-chemical contents:
1) Leaf pigments contents:
Data presented in Table (3) generally, revealed that 20 Gy γ ray when
fractionated to four doses and applied at four times (5 γ ray / once)
treatment of acid lime seeds significantly increased leaf pigments
contents: Chl.a (0.82 & 0.83); Chl.b (0.36 & 0.37); total Chls. (1.87
& 1.89) and total carotenoids (0.63 & 0.63) mg/g F.Wt. respectively,
when compared to the other treatments for both seasons.
Concerning soaking in Nano-selenium results in Table (3) illustrated
that Nano-Se solution had no significant effect on leaf pigments
contents during the two studied seasons.
As for the interaction between γ ray and pre-sowing soaking in
selenium solution, data presented in Table (3) showed a significant
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effect in both seasons. Whereas, 20 γ ray when divided to four doses
and applied at four times (5 γ ray / once) plus soaking in selenium
solution gave the highest chl.a (0.82 & 084); chl.b (0.37 & 0.38); total
chls. (1.90 & 1.91) and total caroteoids (0.64 & 0.64) mg/g F.Wt.
values respectively. While, 0 γ ray and pre-sowing in Nano selenium
solution gave the lowest values.
Generally, it can be concluded that pre-sowing 20 γ ray when divided
to four doses and applied at four times (5 γ ray / once ) alone or
plus soaking in Nano-selenium solution, resulted in a remarkable
increasing in leaf pigments content, i.e. chl.a , b and carotenoids
under this study in both seasons. These results agreement with those
obtained by El-Essawy,53 Orabi54,55 and Lavola et al.56, they mentioned
that pre-sowing radiation γ ray at low doses and availability of
nutrients obviously increased leaf chl.a and b contents.
2) Total indoles and phenols:
Referring to obtained data in Table (4) it can be noticed that both presowing 20 γ ray when divided to four doses and applied at four times
(5 γ ray / once ) or divided to two doses and applied at two times (10 γ
ray / once ) significantly increased acid lime leaves total indols (2.28
& 2.33) and (2.33 & 2.38) (mg/g D.Wt.), respectively and reduced
total phenols contents (0.67 & 0.84) and ( 0.85 & 0.85) (mg/g D.Wt.)
respectively, in compared to the other experimental.
Moreover, recorded data in Table (4) illustrated that, pre-sowing seeds
in Nano-selenium solution, follow the same trend as gamma radiation
treatment, significantly increasing leaf total indoles (2.09 & 2.14) (
mg/g D.Wt.) and reduced the total phenols (0.81 & 0.79) ( mg/g d.wt.)
when compared to the control for both seasons.
As for the interaction between the pre-sowing γ ray plus soaking
in Nano-selenium solution treatments, data presented in Table
(4) clarified that, combination of radiating treatment at 20 Gy as
fractionated doses and soaking in 50 ppm Nano-selinum pre-sowing
gave the highest total indols (2.94 & 2.98) (mg/g D.Wt.) and the
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In contrary, pre-sowing 0 γ ray and soaking in tap water treatment
gave the lowest total, indoles (1.27 & 1.31) (mg/g D.Wt.) and the
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highest tot phenols (1.18 & 1.21) (mg/g D.Wt.), respectively values in
both studied seasons.

Table 3 Effect of pre-sowing γ radiation and Nano-Se application on leaf pigments content (mg/g F.Wt.) of acid lime seedlings.
Seasons
Treat.

1st season
Nano-Se 0 ppm

2nd season
Nano-Se 50 ppm

Means

Nano-Se 0
ppm

Nano-Se 50 ppm

Means

Chl.a

0 Gy γ ray

0.78 ab

0.74 b

0.76 C

0.80ab

0.79b

0.80 C

20 Gy γ ray -4D

0.81 a

0.82 a

0.82 A

0.82 a

0.84 a

0.83 A

20 Gy γ ray -2D

0.79 ab

0.78 ab

0.79 B

0.82 a

0.81ab

0.82 AB

20 Gy γ ray -1D

0.79 ab

0.79 ab

0.79 B

0.80ab

0.81ab

0.80 C

Means

0.78 A

0.79 A

0.81A

0.81A

0 Gy γ ray

0.32 c

0.33bc

0.33 B

0.33 c

0.35 b

0.34B

20 Gy γ ray -4D

0.35 b

0.37 a

0.36 A

0.36ab

0.38 a

0.37A

20 Gy γ ray -2D

0.36ab

0.35 b

0.36 A

0.35 b

0.37 a

0.36A

20 Gy γ ray -1D

0.37 a

0.34 b

0.36 A

0.36ab

0.34 bc

0.35AB

Means

0.35A

0.35 A

Chl.b

0.35A

Total chl.s
0 Gy γ ray

1.77 b

1.80 ab

1.79 C

1.82 c

1.84 bc

1.83 C

20 Gy γ ray -4D

1.83 ab

1.90 a

1.87 A

1.87abc

1.91 a

1.89 A

20 Gy γ ray -2D

1.86 ab

1.80 ab

1.83 B

1.82 c

1.88 ab

1.85 AB

20 Gy γ ray -1D

1.88 ab

1.78 ab

1.84 B

1.84 bc

1.82 c

1.83 C

Means

1.83 A

1.84 A

1.85 A

1.86 A

0 Gy γ ray

0.61bc

0.60 c

0.61 B

0.62 b

0.59 c

0.61B

20 Gy γ ray -4D

0.62 b

0.64 a

0.63 A

0.62 b

0.64 a

0.63A

20 Gy γ ray -2D

0.62 b

0.61 bc

0.62AB

0.61 bc

0.61 bc

0.61B

20 Gy γ ray -1D

0.62 b

0.60 c

0.61 B

0.62 b

0.61 bc

0.62AB

Means

0.62 A

0.61 A

0.62 A

0.61 A

Total carotenoids

*Mean followed by the same letter are not significantly different at 5% level.

It can be conclude that pre – sowing acid lime seeds with both of γ ray
treatments or soaking in Nano - selenium solutions improved seedlings
leaves total indoles contents and reduced total phenols. These results
are in agreement with those obtained by Sharma et al.5, Alfthan9,
2014; Banuelos et al.10, and El-Ramady et al.11, who mentioned that
, low-doses of ionizing irradiation on plants seeds of rough lemon
(Citrus jambhiri Lush) extracted accelerated cell proliferation, cell
growth, enzyme activity, stress resistance and crop yields. Moreover,
(Se) applications on fruit orchards have been carried out since tests
have confirmed (Se)’s role as a medical substance and must be added
for its positive action on seedling growth s. It is considered as a finite
and non-renewable resource on the Earth. While there is no evidence
of (Se) need for higher plants. Several reports indicated that when
(Se) added at low concentrations, (Se) exerts beneficial effects on
plant growth and it may act as quasi-essential micronutrient through
altering different physiological and biochemical traits. Thus, plants
vary considerably in their physiological and biochemical response to
selenium.
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3) Leaf (macro & micro) elements content:
Concerning the effect of pre-sowing γ radiation treatment on acid
lime seeds leaf macro & micro elements contents, obtained results in
Table (5) clarify that , applying γ ray at 20 Gy divided into 4 doses
significantly increased both leaf macro- elements N (2.38 & 2.41) %
; P (0.18 & 0.19) % and K (1.23 & 1.25) % and micro – elements :
Fe (95.5 & 96.10) ppm ; Zn (81.8 & 83.10) ppm and Mn (57.10 &
57.4) ppm, respectively for both seasons.
Moreover, data presented in Table (5) illustrated that pre-sowing
seeds soaking in Nano-Selenium treatment significantly increased leaf
N ( 1.88 & 1.93) % ; P ( 0.14 & 0.15) % and K ( 1.04 & 1.04) % and
Fe (86.80 & 89.80) ppm ; Zn (66.80 & 68.90) ppm and Mn (50.40 &
55.10) ppm, respectively during the two studied seasons.
Regarding to the interaction effect between γ ray applications and presowing seeds soaking in Nano-selenium solution results in Table (5)
indicated that, radiating lime seed with gamma radiation at 20 Gy
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divided into 4 dose followed by soaking the seeds in 50 ppm Nanoselenium gave the highest N (2.51 & 2.54) %; P (0.18 & 0.19) % and
K (1.28 & 1.29) % ; Fe (101.60 & 104.60) ppm ; Zn (88.00 & 87.70)
ppm and Mn (61.30 & 60.60) ppm values respectively. And 0 γ ray

plus soaking in tap water treatment was the lowest N (1.27 & 1.33)
%; P ( 0.08 & 0.10) % and K ( 0.64 & 0. 68) % ; Fe ( 65.70 & 66.30)
ppm ; Zn (44.50 & 43.10) ppm and Mn (28.50 & 29.60) ppm values
respectively.

Table 4 Effect of pre-sowing γ radiation and Nano-Se application on leaf total indole and phenol content (mg/g D.Wt.) of acid lime seedlings.
Seasons
Treat.

1st season

2nd season

Nano-Se 0 ppm

Nano-Se 50 ppm

Means

Nano-Se 0
ppm

Nano-Se 50 ppm

Means

Total indols

0 Gy γ ray

1.27 f

1.72 d

1.50B

1.31 g

1.78 d

1.55 B

20 Gy γ ray -4D

1.62 e

2.94 a

2.28 A

1.67 e

2.98 a

2.33 A

20 Gy γ ray -2D

2.54 b

2.11 c

2.33 A

2.56 b

2.20 c

2.38 A

20 Gy γ ray -1D

0.90 g

1.57 e

1.24 C

1.09 h

1.59 f

1.34 C

Means

1.58 B

2.09 A

1.66 B

2.14 A

Total phenols
0 Gy γ ray

1.18 a

0.91 b

1.05 A

1.21 a

0.97 c

1.09 A

20 Gy γ ray -4D

0.69cd

0.64 d

0.67 C

0.97 c

0.71 d

0.84 C

20 Gy γ ray -2D

0.95 b

0.74 c

0.85 B

0.97 c

0.73 d

0.85 C

20 Gy γ ray -1D

1.11 a

0.95 b

1.03 A

1.09 b

0.76 d

0.93 B

Means

0.98 A

0.81 B

1.06 A

0.79 B

*Mean followed by the same letter are not significantly different at 5% level.
Table 5 Effect of pre-sowing γ radiation and Nano-Se application on leaf (macro & micro) elements content of acid lime seedlings.
Seasons
Treat.

1st season
Nano-Se 0 ppm

2nd season
Nano-Se 50 ppm

Means

Nano-Se 0
ppm

Nano-Se 50 ppm

Means

Nitrogen percentage

0 Gy γ ray

1.27 f

1.89 c

1.58 BC

1.33 f

2.00 c

1.66 B

20 Gy γ ray -4D

2.24 b

2.51 a

2.38 A

2.29 b

2.54 a

2.41 A

20 Gy γ ray -2D

1.66 d

1.63 d

1.65 B

1.70 d

1.68 d

1.69 B

20 Gy γ ray -1D

1.58 d

1.46 e

1.52 C

1.63 d

1.51 e

1.57 C

Means

1.69 B

1.88 A

1.74 B

1.93 A

Phosphorus percentage
0 Gy γ ray

0.08 b

0.13ab

0.11 B

0.10 b

0.14 ab

0.12 B

20 Gy γ ray -4D

0.17 a

0.18 a

0.18 A

0.18 a

0.19 a

0.19 A

20 Gy γ ray -2D

0.13 ab

0.14ab

0.14 AB

0.14ab

0.15 ab

0.15 AB

20 Gy γ ray -1D

0.10 b

0.09 b

0.10 B

0.11 b

0.10 b

0.11 B

Means

0.12 B

0.14 A

0.13 B

0.15 A

Potassium percentage
0 Gy γ ray

0.64 f

1.14 b

0.89 B

0.68 g

1.10 c

0.89 B

20 Gy γ ray -4D

1.18 b

1.28 a

1.23 A

1.21 b

1.29 a

1.25 A

20 Gy γ ray -2D

0.82 d

0.97 c

0.89 B

0.88 e

0.99 d

0.94 B

20 Gy γ ray -1D

0.69 f

0.76 e

0.73 C

0.70 g

0.77 f

0.74 C

Means

0.83 B

1.04 A

0.87 B

1.04 A

66.3 g

71.6 f

Iron (ppm)
0 Gy γ ray
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65.7 h

69.2 g

67.5 D

69.0 C
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Table Continued
Seasons
Treat.

1st season

2nd season

Nano-Se 0 ppm

Nano-Se 50 ppm

Means

Nano-Se 0
ppm

Nano-Se 50 ppm

Means

Nitrogen percentage

20 Gy γ ray -4D

89.4 b

101.6 a

95.5 A

87.6 c

104.6 a

96.1 A

20 Gy γ ray -2D

73.8 e

87.0 c

80.4 B

77.4 d

90.6 b

84.0 B

20 Gy γ ray -1D

71.1 f

83.0 d

77.1 C

73.6 e

92.3 b

83.0 B

Means

73.4 B

86.8 A

76.2B

89.8 A

Zinc (ppm)
0 Gy γ ray

44.5 g

49.5e

47.0 D

43.1h

50.6 g

46.8 D

20 Gy γ ray -4D

75.5 b

88.0a

81.8 A

78.4b

87.7 a

83.1 A

20 Gy γ ray -2D

66.0 c

67.1c

66.5 B

69.4d

74.5 c

72.0 B

20 Gy γ ray -1D

47.2 f

62.6d

54.9 C

54.2f

62.7 e

58.45C

Means

58.3B

66.8A

61.3B

68.9 A

Manganese (ppm)
0 Gy γ ray

28.5g

32.5 f

30.5D

29.6g

35.2 f

32.4 D

20 Gy γ ray -4D

52.9b

61.3 a

57.1A

54.0b

60.6 a

57.4 A

20 Gy γ ray -2D

37.5e

60.1 a

48.8B

38.2 e

60.4 a

49.2 B

20 Gy γ ray -1D

42.2d

47.7 c

44.9C

45.7d

48.4 c

47.0 C

Means

40.3B

50.4 A

41.9B

51.1 A

*Mean followed by the same letter are not significantly different at 5% level.

Generally, it could be concluded that pre-sowing seeds irradiating
with γ radiation particularly at 20 Gy divided into 4 dose or soaked
in Nano (Se) at (50 ppm) encouraged absorption, translocation and
accumulation of N; P and K and Fe; Zn and Mn in leaves. These
results are agreement with those obtained by: Satter et al.57, on soybean
who reported that low γ ray doses increased nitrogen content. In the
same concern, Korosi and Krakkai58 pointed out that exposure of
(Phaseolus vulgaris L.). seeds to 10 Gy γ ray stimulate phosphorus
uptake but high dose 120Gy inhibit phosphorus uptake , on Datura
plants, γ ray from 1 to 15 K rad doses had significant effect on some
nutrients. Maximum value of K in leaves was obtained at 5 k rad. Also,
irradiating gladiolus corms with low γ ray doses increased K content
El-Essawy.53 Finally, Mohamed et al.59, and Orabi54,55 reported that
irradiating seeds of some vegetable crops before sowing with low
doses up to 20 γ ray increased P concentration in leaves, while dose
of 40 γ ray decreased it.

seedlings with γ ray and the control. Acid lime (Citrus aurantifolia L.)
seedlings treated with different doses of γ ray showed clear separation
of protein pattern like the control with distinctive 7 main protein bands.
The obtained results showed no differences in the protein pattern
between treated and untreated lime seedlings with γ ray, which means
lime seedlings, could be treated with certain doses and conditions
according to the type of plants without affecting the genotype.

Protein analysis
Data represents in Figure (1) reveal that the banding pattern of protein
peptides in treated and untreated acid lime (Citrus aurantifolia L.)
with γ ray. In total, 21 protein subunits were observed. Variability
in intensity was observed in some bands that indicated the quantity
of protein peptides cumulating at a particular molecular weight. The
protein markers plotted for first principal components that revealed
7 distinct groups Figure (1). Principal component analysis based on
SDS-PAGE revealed clear grouping pattern when investigated for
treatment with γ ray. The genotypes of acid lime seedlings (Citrus
aurantifolia L.) untreated 0.0 γ ray; treated with γ ray at 20 Gy
fractionated as 4 doses; treated with γ ray at 20 Gy fractionated as 2
doses and treated with γ ray at 20 Gy as single dose were separated
clearly with no clear variable differences between treated acid lime
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Figure 1 SDS-PAGE separation of high molecular weight (HMW) and low
molecular weight (LMW) protein subunits from acid lime (Citrus aurantifolia
L.) seedlings treated and untreated with γ ray. M, represents molecular weight
marker (Prestained Dual Color Protein) Molecular Weight Marker (10-250
kDa); 1 and 5, acid lime seedlings were untreated 0.0 Gy γ ray; 2 and 6, acid
lime seedlings were treated with γ ray at 20 Gy fractionated as 4 doses; 3 and
7, acid lime seedlings were treated with γ ray at 20 Gy fractionated as 2 doses;
4 and 8, acid lime seedlings were treated with γ ray at 20 Gy as single dose.
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Conclusion
As a conclusion, pre-sowing γ ray irradiation of seeds with low doses
in particular at 20 Gy, fractionated as 4 doses (5 γ ray / once ) plus
soaked in Nano-selenium solution at 50 ppm, greatly improved acid
lime seeds germination percentage; damping off percentage; albino
percentage; seedlings vegetative growth; leaf bio- chemical contents
and leaf (macro & micro) elements.

Recommendation
It can be recommended that pre- sowing acid lime (Citrus aurantifolia
L.) seeds exposure to 20 Gy γ ray when divided to four doses and
applied at four times (5 γ ray / once ) treatment plus soaking in Nanoselenium solution (50 ppm).
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